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EXECUTIVE SUMMARY

The overall aim of the Kahului Caisson Breakwater project is to increase the tranquility within
the Harbor to allow more operational days. HOV Environment was contracted to develop the
detailed construction and installation methodology, along with construction cost estimates and
project schedule for the proposed caisson breakwater project. This investigation was further
enhanced by verifying the project schedule and running a process simulation.

In order to develop a better understanding of previous breakwater caisson projects, a detailed
literature review was undertaken. It became apparent during this review that there were very few
instances where caissons have been used to create a submerged breakwater; most examples refer
to emerged caisson units. The closest project to a submerged structure is the Costa Azul
breakwater developed for a liquid natural gas (LNG) facility in Baja, Mexico.

It was decided that best practices would be adopted where possible; where no new methods
would be developed. After conducting the literature review and developing a list of known
installation methods a detailed site study was conducted. The aim of this study was to
understand any restrictions related to the construction of the project and assess the available
resources in Hawaii to implement the project.

Three key factors were highlighted during the site visit: (1) no construction activities could
take place in Kahului Port or the island of Maui. (2) The resources in Hawaii are limited for this
type of project. (3) The construction window is very limited with a maximum of 5 months
during the summer season where wave height and period are lower.

The proposed approach will be to use Dry Dock 4 in Pearl Harbor, Oahu. The main reason
being this is the only facility in Honolulu with the appropriate draft for the caisson units. The
caisson units will be cast in Dry Dock 4 using state-of-the-art slipform in one single pour to
avoid any cold joints. When ready, the dock will be flooded, and then the caisson will be tested
for even floatation and transported onto a heavy lift vessel. The heavy lift vessel will then
transport the unit from Oahu to the project site outside Kahului Harbor. Once at the site, the
caissons will be unloaded and towed into place above the prepared foundation layer.

Once all four caisson units have been installed and final surveys are complete the final stage
of the project is to transplant coral fragments onto the structure. Two approaches have been
suggested with the use of traditional coral transplanting or incorporating a Biorock structure on
the outside of the caisson whilst in the dry dock. Further research into the supply of the coral
fragments will be required.

After verification of the project schedule, two process simulations were run using EZStrobe.
The first simulation modeled the project schedule exactly, initializing all construction activities
simultaneously. This involved initialization of construction activities at the dry dock, where the
caissons will be constructed, and the initialization of construction activities at the construction
site, outside Kahului Harbor. The approach for the second simulation was run with the
initialization of the dry dock activities independent of the construction activities at the
installation site. This approach was considered due to the constraint of the construction window;
to have the construction of the caissons at the dry dock well before the commencement of works
done at the construction site and to investigate the effects this shift in the schedule would have
on the overall project duration.

The initial project schedule and cost estimates determined that the duration of the project will
take 139.9 days to complete and cost approximately US$20.7 million, with contingencies.
Simulation | verifies these initial estimates having a completion time of 139.12 days and cost
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US$22.1 million, with contingencies. For Simulation 1l, project duration was determined to be
143.8 days and US$22.3 million, with contingencies. These simulations show that the project
can be feasibly completed within the mandatory construction window of 150 days and at a
budget of about US$20 million. However, due to this project’s sensitivity to time, any delays to
the project will push the duration of the project outside the 150-day window and cause a
considerable increase in costs.
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CHAPTER 1. LITERATURE REVIEW

The amount of literature available regarding the construction and installation of submerged
concrete caisson breakwaters is limited, as there are no known case studies or project sites as
compared to emerged caisson breakwaters. The Costa Azul breakwater structure was partially
submerged due to the L-design and in that case a unique compressed air ballasting system was
developed (Hibbs et al. 2009).

The use of caisson units as breakwaters can be dated back to Kobe Port in 1911 (Telford
1991). One of the most famous examples is during the 2"® World War; pre-cast breakwaters
were constructed in England and towed across the English Channel. The units were placed near
the coast of Normandy creating Mulberry Harbor to act as a temporary harbor during the Allied
Invasion of Normandy (Stanford 1951), as seen in Fig. 1.

Fig. 1. A pair of Phoenixes and the remains of a third at Arromanches (2010).

Over the decades the method of casting and installing emerged caisson breakwaters have not
altered drastically. As the casting and construction process of emerged and submerged units are
similar, a literature review into the differing construction methods has been undertaken. To
determine methods for the placement and accurate positioning of a submerged caisson, best
practices from emerged installation projects will be taken into consideration and applied where
possible.

Whilst conducting the detailed literature review it was been found there is little guidance on
the ballasting and final positioning of caisson units onto the sea bed (Hibbs et al. 2009). Best
practices that are available typically come from experiences reported by contractors, with some
being generic (Alderson and Allsop 2009).

1.1. Construction Methodologies

The casting and construction of the caisson units will follow known methods. The critical
factors in determining the installation and selection of the casting site are:

3
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e Geographic location
e Auvailable man power and resources
e Project site restrictions.

Table 1 provides a summary of the most widely used construction and installation methods
for emerged caisson breakwaters.

Table 1. Summary of known caisson breakwater construction methods.

Construction Method Transportation Method Project Example
1 Casting in dry dock/purpose- Towing with tugs from dry Costa Azul, Baja,
built basin dock/purpose built caisson to site Mexico
(Fig. 2)
2 Casting on land with use of Towing with tugs from dry dock NIOT, Lakshwadeep,
slipway/ramp/beach India
3 Casting on floating dry Submersion of floating dry dock- McNally, Halifax
dock/submersible barge moored towing of floating caisson with tugs.  Port, Canada and
in nearby harbor. Valencia Port, Spain
4 Casting within harbor and drag ~ Towing with tugs. Tangiers Port,
from jetty Morocco
5 Casting in a distant dry dock Towing or use of heavy lift vessel to Monaco Floating
30 km+ transport to installation site. Dock- Towing

Submerge vessel to unload caisson 1,500 km

and tow for final placement.
No examples of
transporting caisson
with heavy lift vessel

To further understand each construction method, a review of several caisson construction
projects was carried out. This study will assist in determining the resources required for the site
visit to Kahului and the practicality of each approach.

1.2. Example 1: Dry Dock and Towing — Costa Azul

The Caisson Breakwater in Baja California, Mexico was designed and constructed for Sempra
LNG’s Energia Costa Azul Terminal (Fig. 2). The total structure is 650 m in length and
comprised of 12 caisson units, installed on a rubble mound foundation in 25 m of water depth
(Hibbs et al. 2009).

Due to the LNG terminal’s remote location, with no suitable jetty/land for casting of the
concrete units, a purpose designed casting basin with lock gate (Fig. 3) was constructed 26 km
south in the Port of Ensenada (Hutchinson et al. 2010).

After the caisson unit was fabricated, the basin was then flooded. When the caisson unit was
buoyant, it was then towed to the project site (Fig. 4). Once in the correct place, the unit was
ballasted with water until it rested on the prepared rubble mound foundation. As this structure is
an emerged structure, the ballasting and filling of the units will differ to the Kahului project.
However, the fact the caisson unit is completely sealed and the use of gate valves for ballasting
and sand filling (Putzmeister, Inc. 2009), has the potential to provide similar best practices for
Kahului.
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Fig. 2. The final caisson breakwater (ARUP 2009).

Fig. 4. Towing of the caisson unit to the site (ARUP 2009).

1.3. Example 2: Lakshadweep Desalination Plant — Casting on Land

The atoll of Agatti, Lakshadweep, India (Fig. 5) was selected for the construction of a
desalination plant. A bridge was designed to carry cold and warm water from a sump located at

5
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a depth of 5 m. Due witnessed wave heights of 3 to 4 m at the construction site, it would not be
possible to construct the bridge piers in the breaker zone (Atmanand et al. 2008).

To get around this problem, caissons were constructed off site at another location on the
atoll. They were cast in steel forms on the beach and pushed into the water using hydraulic jacks
and tug boats. Once buoyant, the caisson was transported to the project site. As this was an
emerged structure, the caisson was ballasted with water. Sand was then filled into the caisson
cells once the main jetty was complete. This approach allowed a cost effective and low risk
option to constructing the bridge piers.

Fig. 22 Bed preparations for sump at lagoon beach Fig. 23 Hydraulic jack for pushing sump Fig. 24 Sump after pushing in to lagoon Fig. 25 Towing route of the sump

Fig. 26 Towing of Sump in open ocean at Agatti Fig. 27 Towing of Sump in open ocean at Minicoy

Fig. 5. Installation process of caisson for pier footing for desalination plant, Agatti, Lakshadweep
(Atmanand 2008).

1.4. Example 3: Port Halifax, Canada and Valencia Port, Spain — Floating
Dock/Submersible Barge

Examples 1 and 2 rely on the availability sufficient space within a towable distance. In some
cases, this availability of land may either not be available or as cost effective. There are a
number of caisson breakwater projects that use a floating dry docks or submersible barges to cast
and deploy the caisson unit.

In Valencia, Spain there was a lack of available docks. Instead, the caissons were
constructed on a floating dry dock in Sagunto Port, 12 miles north of Valencia. After
construction on the floating dry dock the units were transported onto a multipurpose pontoon
(Fig. 7). The pontoon was then tugged to Valencia Port for installation (Teruel et al. 2011).

McNally, a Canadian contractor that specializes in the construction of Caisson Breakwaters
and Wharfs, have developed their own construction method similar to the approach in Valencia.
The key difference is the caisson unit is slipform cast on a semi-submersible barge. Once the
caisson unit has been cast, the barge is towed into positon.

The barge was held in position, and the process of submerging began, lowering the caisson’s
buoyancy. At this point the caisson was pulled away from the barge. The unit was then held in
place with support tugs/crane mounted platforms (Fig. 6). Once in the correct place, ballasting
commenced with a sand and water slurry. McNally’s (2013) promotional video on caisson
installation describes the installation process.
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Fig. 6. Port Halifax, caisson wharf construction (McNally 2013).

Fig. 7. Valencia Port, caisson breakwater extension (Teruel et al. 2011).

1.5. Example 4: Tangiers Port — Port-Based Construction

The Tangier Med 2 Port breakwater project would be the most ideal method of construction for
Kahului Harbor, as all operations can take place within the Port, limiting the transport time and
allowing for stockpiling to take place in bad weather scenarios. There is potential for impacting
the port operations and the draft within Kahului Harbor may not allow for this method to take
place.

In the case of Tangiers, as this is a new port construction, jetty space was available (Fig. 8).
The project consisted of 40 units each; 28 (length) x 28 (width) x 35 (height) m, and weighing
7,900 tons. The units were constructed in the casting yard to a height of 9 m and then lifted into
the water. Once secured in place with the use of GPS positioning system and dive team, the
concrete pouring will continue to achieve the structures crest height (Bouygues Construction
2005).



Alvin Magallanes, Amarjit Singh, and Ben Sullivan
Research Report UHM/CEE/2017-02, April 2017

Fig. 8. Tangiers breakwater construction (Bouygues Construction 2005).

1.6. Example 5: Monaco Floating Dock

The floating dock constructed for Monaco (Fig. 10) is not a caisson breakwater, however, the
project does showcase the ability to transport large floating concrete structures over long
distances (Fig. 9). In the examples reviewed the maximum towing distance was approximately
30 km.

In the case of the Monaco project, the dock was constructed and towed from Gibraltar a
distance of over 1,300 km and taking 13 days. This method should be taken into account when
selecting the optimum transport procedure for Kahului Breakwater.

Fig. 9. Monaco floating dock Fig. 10. Aerial view of Monaco floating dock
(BBC News 2002). (Dragados 2013).
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1.6.1. Heavy lift vessel

Another method of transport the caisson units instead of a submersible barge/floating dry
dock/direct towing is the use of a HLV (heavy lift vessel). These vessels (Fig. 11) are designed
to submerge allowing the cargo to be towed above the deck, once in position the HLV will de-
ballast, taking the load of the cargo on its deck.

The typical application for HLVs is to transport ferries/submarines where it is cheaper or
safer to do so than under the vessels own steam (Stopford 2009).

One benefit of using the HLV over direct towing is the reduction of risk and damage to the
unit during transport. The lack of availability for a floating dry dock/submersible barge may also
make an HLV a more effective transport option.

Fig. 11. The Dockwise heavy lift vessels use to transport boats/submarines and other floating structures.
(Dockwise, Ltd. 2015).
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CHAPTER 2. SITE VISIT
Aims of the site visit:

e View site and develop construction methodology based on available plant and resources
in Maui.

e Selection of suitable dry/floating dock for caisson fabrication.
e Selection of suitable cost effective fill material.
e Identification of local marine contractors with ability to assist in execution.

e Meet Kahului Harbor to understand the restrictions the project will face due to port
operations.

2.1. Kahului Site

Prior to the site visit, 4 areas within Kahului Port (Fig. 12) were earmarked for potential areas for
casting/mooring of a floating dry dock.

1. The land behind the western breakwater.
2. The end of Pier 1

3. Boat Ramp

4. Pier2

FIGURE 3. Depth contours within Kahului Harbor showing extent of dredged inner harbor basin and shallow reef platform on eastern
side of harbor. Depth contouring data was not available for area off the inner and outer western breakwater.

Fig. 12. Kahului Harbor Masterplan 2025 (HDOT 2012).
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The main reason of interest for all of the sites above is that the installation site is
approximately 300 m offshore from the western breakwater. If a suitable casting and
deployment site can be found within the harbor the costs and logistic complexities will be
reduced.

However, Kahului Harbor is the main working port for the island of Maui and any
interference with operations would not be acceptable.

2.2. Kahului Harbor Meeting with Duane Kim and Gerald Yokouchi of Departments of
Transport Harbors Division
This was the first meeting of the site visit. It was imperative to understand the harbor’s
operations and restrictions associated with the caisson construction project (Fig. 13).
The outcome of the meeting provided the following site restrictions:
e Pier 1is not available for any construction activities or deployment of the caissons.

e The land behind the western breakwater would be suitable for caisson casting. However
the Bathymetry in that area is a maximum of 3 m. This is not a suitable draft for the
caisson deployment.

e The option to dredge a deeper channel is also out of the question due to presence of
coral.

e The boat ramp’s maximum width is 12 m and the bathymetry is under 10 ft (3 m) with
presence of coral.

PERIMETER ROAD

[PEER 1 - CARGO
OPERATIONS AREA

Fig. 13. Kahului Harbor Development Plan (HDOT 2012).

2.3. Kihei Boat Ramp

Once it was known that Kahului Harbor would not be an appropriate place to conduct any
caisson construction activities, a wider search of Maui’s launching facilities was undertaken.
There are four boat ramps available in Maui; Kihei has a ramp (Fig. 14) wide enough to
accommodate the caisson design dimensions.

Kihei is located in the south of Maui, and the approximate towing distance if navigating
around the west of Maui would be approximately 100 km. There is land in the form of a car park
large enough to conduct all construction activities for one unit at a time.
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Fig. 14. Kihei Boat Ramp (n.d.).

Restrictions
e The draft available in Kihei is unknown.

e The ownership and gaining approval to use the site for a period of 6 months is still
unknown and the biggest site restriction at present.

2.4. Honolulu, Oahu

After realizing the limited construction facilities in Maui, it was decided to expand the area of
potential construction locations and resource providers. Within Honolulu, there are 3 floating
dry docks and a number of marine contractors. Visits to the sites were conducted and the
feasibility for use of construction was assessed.

2.5. Marisco LLC

Marisco have one floating dry dock (Fig. 15) with a carrying capacity of 3,500 metric tons. The
current location of floating dry dock means the working draft is 23 ft.

Fig. 15. Marisco floating dry dock (Marisco, Ltd. n.d.).
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Restrictions

e The total weight of each caisson unit is 3,350 tons and is close to the maximum limit of
the vessel.

e The caisson unit’s working draft is 29 ft (8.85 m). The draft is 6 ft too short.
e Inquiries were also made about moving the vessel into deeper water, which was turned
down. The vessel cannot move from the current location.

2.6. The Phoenician LLC
The Phoenician is a Dry Dock and Shipyard (repair and maintenance facility). There is sufficient
space for casting. The boat lift has a maximum capacity of 350 metric tons and a maximum
width of 10 m (Fig. 16).
Restrictions

e The slipway’s maximum width was 10 m and the draft is a maximum of 10ft (3m).

e The boat lift has a limit of 350 metric tons.

Fig.16. Phoenician boat lift and dry dock (The Phoenician, LLC. 2004).

2.7. Pacific Shipyards Floating Dry Dock

Pacific Shipyards own two floating dry docks (Fig. 17) and both are located in Honolulu. After
meeting with Curtis White — the Operations Manager — it was made known that the floating dry
docks could not be transported to Maui for construction activities.

13
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Restrictions
e The draft within Pacific Shipyard was is approx. 25ft.

A second suggestion was to construct a buoyancy assist module/submergible barge. The
concerns with this approach are the time to build/obtain the associated licenses/approvals and the
overall cost for a one-off project.

Pacific Shipyards has two floating dry docks. This
allows us the capability to lift vessels as large as a //
400’ container barge. (]

Kapilipono: 375'x105', 6000LT Lifting Force

Kekaulana: 200'x80", 2000LT Lifting Force

Fig. 17. Two floating dry docks at Pacific Shipyards (Pacific Shipyards n.d.).

2.8. Pearl Harbor Dry Dock No. 4 — Graving Yard

A meeting was conducted with Robert Sonoda from Pearl Harbor’s Business and Strategic
Planning Office. The purpose of this meeting was to assess the feasibility of using Dry Dock 4
(Fig. 18) for caisson casting and construction. The most important aspect is the depth of the Dry
Dock and the space availability to meet the dimensions of the caisson unit design.

The Dry Dock would suit the caisson construction activities and as this is a Department of
Transport project the approval process should be straight forward. Table 2 shows the dimensions
of Dry Dock 4.

Table 2. Dry Dock 4 Dimensions

Working Length 1064 ft/ 324 m
Working Width 153 ft/ 46 m
Depth 59 ft/ 17 m

Once the caisson unit has been built, it would be towed out of the dry dock and onto a heavy
lift vessel/submersible barge. The units will be transported to Kahului and the deployment
would take place. The detailed process is covered in Section 3 of the report.

Restrictions
e Lengthy approval process; approximately 6 months.

e US Navy has priority of the dry dock; if there is an emergency this could impact works.
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¢ .

Fig. 18. Dry Dock 4 at Pearl Harbor (Wong 2009).

2.9. Healy Tibbits

After speaking with numerous marine contractors and specialists it was decided that Healy
Tibbits were the most experienced company within Honolulu/Maui.

A video presentation and technical discussion was conducted showcasing their sister
company’s (McNally mentioned in Section 1.3) previous experience with casting and deploying
caisson units.

The Kahului project was discussed and the key barriers to construction. Healy Tibbits agreed
that the use of a submersible barge or heavy lift vessel would be needed for the transport of the
caisson units to the project site.

2.10. Submersible Barge and Heavy Marine Lift Providers

After reviewing the available resources in Honolulu/Maui it was required to research heavy lift
vessels/submersible barges available from the mainland of USA.

2.10.1. Merchant Marine Act of 1920 ‘Jones Act’

There is a strict maritime law in place that regulates commerce between US Ports in US waters.
Section 27 of the Jones Act manages the area of coastal shipping and requires that all goods must
be carried on US ships that are constructed, owned, and crewed by US citizens.

This impacts the availability of submersible barges/heavy lift vessels for the project. The
companies in the following sub-sections have been identified as having suitable vessels for the
intended methodology, which come from the United States.

Due to limited response and interest, contact was made with Dockwise who has experience
with heavy lift transportation in Hawaii.
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After further discussions it was brought to attention that:
e The caisson units would be classified as “cargo” under the Jones Act.

e Under the Bankshot Rule, even if loading of the caisson unit takes place outside a US
Port and is unloaded outside another Port, the cargo must physically change. This could
also mean that the cargo has to navigate to a foreign port and return to Kahului.

e A waiver can be applied for via the Maritime Administration, making a case that no
vessels within the USA are interested in the works OR it is felt they cannot offer the
service required.

e A one-time ruling via the local Coast Guard to get clearance under special project
conditions to not violate the Jones Act.

e The sea-based X-band radar was granted a onetime ruling by the Hawaii Coast Guard.

2.10.2. Dockwise Heavy Lift

After assessing all available resources within Hawaii and Mainland of USA, it became clear very
few companies had vessels suitable for the Caisson Transport.

It was learnt that Dockwise Heavy Lift was responsible for the transport of the X-band radar
into Honolulu. Dockwise own 11 vessels in their fleet, all meet the requirements of the caisson
units. It is recommended that a one-time ruling is explored to use Dockwise for this integral
stage of the project.

2.10.3. Smith Maritime

Smith Maritime is a mainland operator of heavy lift vessels. The project requirements were
discussed and Smith Maritime expressed an interest.

Until the time of finalizing this report, they have yet to send any details of vessels suitable for
the works or any costing for budgeting purposes. There is doubt they can perform the services
provided.

2.10.4. Teras America
A heavy lift vessel operator on the mainland of the USA; to date there has been no response to
inquiry emails or calls made.

2.10.5. Young Brothers

Young Brothers are a well-established inter-island freight and cargo transport company in
Hawaii. They have a fleet of various tug boats which should be utilized for the Caisson
loading/unloading.

2.10.6. P&R Water Taxi

Another well-established freight and cargo transport company in Hawaii. P&R have a larger fleet
of tug boats as compared to Young Brothers. This vendor should also be utilized for a
competitive offer for tug boat hire.
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2.11. Hawaiian Cement

One of the main logistical and cost elements is the availability/supply of concrete to cast the
caisson units. There is also a requirement for sand to fill the voids in each unit. Meetings took
place with Hawaiian Cement in Oahu and Maui to determine whether or not these requirements
could be fulfilled.

2.11.1. Maui

A tour of the Maui Plant was conducted and it was learnt that the cost of sand is high due to a
shortage of dune sand on the island of Maui. Another material known as 4F Aggregate, which is
a crushed rock, was highlighted as a cost effective and more sustainable fill material compared to
sand. The grain size of 4F is larger than dune sand, however it is still possible to use slurry
pumps to fill the caisson units.

It was confirmed that Hawaiian Cement can transport the required amount of 4F aggregate to
Kahului Harbor. This would then be loaded onto a barge at their loading bay and taken to the
site for filling.

The rubble foundation can also be sourced from Maui along with the finer grade for
levelling. Due to the large quantity of specific sizes a longer lead time will take place.

2.11.2. Oahu

At the meeting in Oahu, discussions took place with regards to the supply of ready-mix and the
possibility of a single pour for each unit. They would also conduct a lab analysis in terms of the
makeup of the ready-mix required for marine applications.

It was confirmed that given advance notice the Oahu plant could provide 2,000 m® of
concrete in a 24-hour period.
2.12. Outcomes of the Site Visit

The site visit was extremely successful in understanding the resources available and the
restrictions on the proposed construction methodology. Below are key factors taken from the
site visit.

e Maui is not an appropriate location for construction.

e Any construction activities through Kahului Port must be completely limited to loading
of sand/rock.

e Dry Dock 4 provides a good space for construction activities.

e The use of a floating dry dock with the known vendors in Hawaii do not meet the
requirements in terms of draft and/or carrying capacity.

e Hawaiian Cement can provide the concrete available for a single pour of concrete.
e |dentification of a more sustainable cost effective fill material compared to sand.
e Requirement for a heavy lift vessel for transportation from Oahu to Kahului.
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2.13. Optimal Construction Window

After conducting the site visit it became clear the construction times are very limited due to the
seasonal wave and wind heights at the site. During the literature stage it was found that there are
no specific guidelines for the maximum wave height caisson installation can take place.
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Figure 19. Wave height statistics, Kahului array

Fig. 19. Wave height analysis for Kahului Harbor Master Plan (Thompson and Demirbilik 2002).

Esteban et al. (2009) conducted research into the acceptable wave heights for caisson
installation. Japanese regulations stipulate work to stop if wave height increases over 1 m,
however after simulations, Esteban et al. (2009) found this could be increased to 1.5 m without
causing risk of damage to the caisson or health and safety regulations.

The only practical time period for construction of the caisson units would be between the
summer seasons (May to September). The US Army Corp of Engineers (USACE) conducted a
study into the significant and mean wave heights at Kahului Port. The figure below (Fig. 19)
shows records collected for three winter periods (October to April) and one summer period. The
mean seasonal wave height in the summer was 2 ft (0.6 m) with the extreme wave height at 6 ft
(1.8 m) (Thompson and Demirbilik 2002).
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CHAPTER 3. CONSTRUCTION METHODOLOGY
3.1. Project Restrictions
After completing the detailed site visit, the following restrictions have been identified:
e No construction activities within Kahului Harbor due to busy operations.

e No construction activities on the nearby beaches/slipways due to draft
limitations/presence of coral/public spaces.

e Only one potential site in Maui — Kihei Boat Ramp
e Limited sites in Honolulu with adequate working draft.
e Transportation of units from Honolulu to Maui is required.

In order to adhere to these restrictions a unique construction method is required and will be
described in the following sections.

3.2. Construction Options Available

Below are the three most feasible construction options available based on the site visits and
research conducted:

1. Casting on an imported submersible barge and transport to marine site.

2. Casting in Dry Dock 4 of Pearl Harbor then transport using heavy lift vessel/submersible
barge.

3. Casting in Kihei Boat Ramp and towing.

Table 3 shows the each construction option with descriptions of their respective costs,
availabilities, impacts on project timelines, and possible social and environmental issues to be
encountered during construction.

After assessment of the options available, the most efficient and effective method will be to
construct the caissons in Dry Dock 4 with the use of a heavy lift vessel for transport to Maui.

The main reasons for this are as follows:

e Dry Dock 4 meets all of the requirements in terms of dimensions and draft.

e The availability of a submersible barge/floating dry dock for construction and transport
is limited.

e The availability of a working area with sufficient draft for the caissons does not exist in
Honolulu or Maui.

e Kihei Boat Ramp is has too many unknowns, to base any methodology on.
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Table 3. Available construction options.

. ... T Impact on Social &
Constryctlon Cost Avallablll_'[_y A\{allablllty Project Environmental
Option in Hawalii in USA S
Timelines Issues
Transportable  Medium  No Yes — Owner  Mobilization of None as casting
Submersible would have Barge would have  would be constructed
Barge to agree to to take place in private shipyard.

use of vessel  before any casting
for 6 months.  works can

commence.
Dry Dock and High due Dry Dock—  Same as Availability of None as all casting
Transport torentof  Yes; above. Dry Dock 4. would be conducted
Barge dry dock  Transport — Navy takes within Pearl Harbor.
space and No precedence. Only US citizens
transport would be permitted
vessel to work on the base.
Kihei Boat Low — Yes — N/A Availability and There may be
Ramp. Lease of  Towing with obtaining use of objection as this is a
the boat  atug. the whole area working boat ramp
ramp and including the boat  for the public.
parking ramp. Further investigation
area. is required to see if
Tug this would be a
boats suitable site.
would be
used for
transport.

3.2.1. Towing vs heavy lift vessel for transport

The option of towing the caisson units from Dry Dock 4 to Kahului has been assessed. During
the literature review it was identified the typical maximum towing distance of the caisson units
are 20-30 km.

The Monaco Floating Dock Caisson was an exception; travelling over 1,300 km in 13 days.
However, it is very difficult to make comparisons, as this was in the Mediterranean Sea
compared to the Pacific Ocean with strong trade winds and persistent long period swell.

The approximate navigational distance from Honolulu to Kahului is 200 km. 1t is likely the
units could be towed if completely airtight and with good conditions.

It is felt that there is a large risk with attempting this, but cannot be ruled out if a contractor
can show proven track record, along with all risk insurance in case there is loss/damage.

In the interest of this report and the construction budgeting, it has been decided the heavy lift
vessel will be used. This is to minimize any risk of loss/damage during transportation.

3.3. Phase 1: Pre Construction Surveys
Prior to construction specific pre-construction surveys will be conducted; they include:

e Bathymetric survey of construction site/check for any elevation changes

e Sea bed dive survey
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e Marking off of site with high visibility navigation buoys

During the pre-construction survey phase, if there are any drastic changes to the sea bed
gradients compared to the design stage; the latest versions will be sent to the design consultant so
any modifications if any can be made.
3.4. Phase 2: Approval and Mobilization of Dry Dock

The mobilization of the Dry Dock can only begin once use of Dry Dock 4 has been granted by
Pearl Harbor and the US Navy. Six months before mobilization and project commencement the
following has to be conducted to begin the process of using Dry Dock 4:

o A formal letter referencing the initial conversation with Robert Sonoda.

e |t should state the purpose of the project and the government entities involved in the
project.

e The services required and additional resources needed from Pearl Harbor, e.g., electricity
and fresh water.

o All staff will require approval from Engineering Command before entry onto the base.
Once the agreement has been signed and vehicle and security passes are in place, the
mobilization of the concrete casting phase can begin.

3.5. Phase 3: Mobilization of Dry Dock 4

The elements to be mobilized for casting in Dry Dock 4 are:
e 2 Long reach cranes for loading/unloading all equipment and formwork

e 2 Concrete pumps

e Tool/maintenance workshop
e Rebar stockpile

e Site office/cabin

e Slip formwork

e Base layer formwork

3.6. Phase 4: Supply of Material (Rubble Foundation, Ready-Mix Concrete, and
Reinforcement Steel)

There will be two main delivery sites for the projects material: Dry Dock 4 and Kahului Port.

3.6.1. DryDock 4

The materials required at the dry dock are as follows:
e 5,380 m® of Ready-mix concrete — Hawaiian Cement, Oahu — per unit
e 113 Tons of reinforced steel bar, supplied in Oahu — per unit

e Slipform and formwork
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e Associated tools

3.6.2. Kahului Port
The materials required to be delivered and handled through Kahului Port will be:

e 4,145 m® of Rock for the foundation layer, this will be loaded into the Barge. The
delivery will come from Hawaiian Cement, Maui Quarry. OR

e 466 concrete foundation mats

e 14,460 m® of 4F Fill Material will be loaded into the Barge. The delivery will come from
Hawaiian Cement, Maui Quarry.

e 5,200 m® of Precast scour blocks.

e 1,088 m® of levelling layer — Hawaiian Cement, Maui Quarry

3.7. Phase 5: Excavation of Sea Bed for Foundation

Prior to installation of the foundation layer, the sea bed is required to be prepared. This will
involve the excavation of 0.5 m across the footprint of the structure. The method for efficient
and effective excavation would be with the use of Cutter Suction Dredger. Table 4 shows a
breakdown of the volume of excavation required:

Table 4. Excavation for foundation layer.

Length of Structure =126 m
Width of Rubble Foundation = 27.75m
Depth of Excavation = 0.5 m
Total Volume to be Excavated = 1,748 m®

On completion of the excavation, the sea bed will be inspected and samples will be collected.
There might be a requirement to compact the excavated bed to achieve the required ground
consistency (Mann 1999). This will be conducted by an underwater dive team and the manually
operated grader.

The British Standards (BS 6349-7:1991) state that if construction has to be stopped because
of a storm, the end caisson is particularly susceptible to undermining by scour. Temporary scour
protection sometimes has to be provided at the ends and this will need to be removed before
construction can recommence.

3.8. Phase 6: Mobilization of Plant and Manpower for Rubble Foundation or Concrete
Foundation Mat

The first phase of the construction project will be the installation of the foundation. The required
plant and manpower has been broken down in Table 5:
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Table 5. Mobilization schedule.

Name of Plant/Manpower Purpose Mobilization Time
Split hopper barge 700 m* Take load of rubble from 9.4 Weeks
Carrying Capacity Kahului Port to Project Site
Tug boat, if not self- To transport the split hull 1 Week
propelled barge
Commercial dive team e monitor L Uity 2 Weeks

construction works
e Breathing and safety
Commercial dive team apparatus for underwater 2 Weeks
spread
work
Crane Barge with a minimum  Placing scour blocks, main 2 Weeks
30 metric ton lifting capacity  work platform for the project
Manual underwater grader T(.) gra_de the levelling layer 2 Weeks
with dive team
Remote operated grader 11 e A7 eellinng) yer 4 Weeks

autonomously

3.9. Phase 7: Placement of Pre-cast Foundation Units

The outcome of the design stage recommended the installation of a rubble mound consisting of
two types of rock with regards to size and weight. The inner core is a larger size rock with a
finer layer on top which the caisson unit will rest on after installation.

During the construction methodology and time planning stage it was noted that the
construction window is limited to 4-6 months. In order to construct a level base layer using a
large rubble core requires accurate installation which would require a large commercial dive
team over a long period of time, potentially a 6-month period. This means that the rubble mound
could take one season and be exposed to the winter swell, meaning further maintenance before
the caisson units can be installed.

The suggested change would be to replace the rubble core with a pre-cast concrete mattress.
This would dramatically decrease installation time and reduce the intensity on labor.

3.9.1. Foundation mattress

The use of concrete or rock filled mattresses has served many purposes in marine construction
projects, typically with subsea pipeline protection. However, the USACE has been expanding
the use of these units as foundation layers for marine structures. Marine mattresses will help
distribute loads over a larger area because of the geogrid container attached to the mattress,
which reduces differential settlement where soil strength varies (Hughes 2006).

For the Kahului construction project the concrete mattresses will be procured from suppliers
specializing in design and construction of these mattresses. One USA-based company known as
Waskey are able to fabricate the mattress to the requirements set by USACE.

The USACE recommend a fine layer of rubble prior to the installation of a foundation mat.
This will be deposited from the barge via a bucket loading crane.

Once the excavated bed is ready for installation the units will be lowered into position using
the barge mounted crane (Fig. 20). The dive team will oversee the installation and provide
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communications via surface supply to the crane operator. Once in final position, the dive team
will disconnect the lifting lines and prepare for the next section of concrete mattress.

The suggested length of each mattress has been derived based on recommendations of
USACE, the longest length of mat that can be positioned using a crane and spreader beams is
35 ft (10 m).

The USACE guideline for mattress height/thickness is 2 ft (60 cm), and in order to achieve
the required 1.3 m height — as per Phase 1 in the design report — two layers of mattress will be
required. As the structure is 126 m in length and 27.75 m wide the total number of mattresses
required would be 466.

Fig. 20. Concrete foundation mattress being installed (Subsea Protection Systems 2013).

3.10. Phase 8: Concrete Pouring of Caissons

Table 6 shows a micro-breakdown of caisson construction considering 24-hour day, using a
slipform method.
There are two main elements to casting the caisson unit:

1. Bottom slab
2. Outer and inner walls

As the bottom slab is designed with an outer toe wider than the outer caisson walls, two
techniques of concrete casting are required.

A traditional formwork will be constructed for the bottom slab and the rebar will be placed as
per the design requirements and fast curing concrete will be used for the bottom slab. As soon as
the pour for the bottom slab has been completed, the slipform for the outer and inner walls will
commence straight away. It must be made sure that no cold joins occur between the caisson
walls and bottom slab.
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Table 6. Concrete pouring time.

ROLE No of S
Height (0.25m  Volume  Volume
Day Element . 3 Concrete Per
Achieved per per Hour (m?)
Trucks Hour
Hour
Bottom 0.6 Base
1 Slab 1.4m Outer 5.42 50 271 45 9
Wall
Outer and
1 Inner 4.4m 17.6 25.8 454.34 80 4
Walls
Outer and
2 Inner 6m 24 25.8 619.56 98 4
Walls
Total 12.05m 49.42 1345 225

American Concrete Institute's Guide for Consolidation of Concrete (ACI 309R-96) gives the
following advice:

"When the placement consists of several layers, concrete delivery should be scheduled so
that each layer is placed while the preceding one is still plastic to avoid cold joints. If the
underlying layer has stiffened just beyond the point where it can be penetrated by the
vibrator, bond can still be obtained by thoroughly and systematically vibrating the new
concrete into contact with the previously placed concrete; however, an unavoidable joint
line will show on the surface when the form is removed."

3.10.1. Gantry slip formwork

The use of a gantry slipform (Fig. 21) would dramatically increase the output time of the caisson
units, however the cost of this approach compared to a traditional slipform is almost double. In
the case of mass production of caisson units, the gantry slipform becomes more economical
when producing 40 caissons, or more. In the case of Kahului, as only 4 caissons will be
constructed, the most economical and fastest approach is the use of a traditional slipform, as can
be seen in the plot in Fig. 22.
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Fig. 21. Gantry slipform of caisson in South Korea (Samsung 2014).
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Fig. 22. Production output and cost analysis of caisson casting techniques (Bygging-Uddemann 2015a).

3.10.2. Traditional slip formwork

Slipforming requires more set up time than conventional form work, but has a higher production
rate when sliding. The production rate for other caisson breakwater projects was approximately
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20 cm per hour, and the whole caisson is constructed with a single pour (Hibbs et al. 2009).
Fig. 23 shows an example of a traditional slipform for a caisson.

Fig. 23. Traditional slipform for a caisson structure in Algeria (Bygging-Uddemann 2015b).

A slipform structure consists of five parts:

1. Form face and its supports.

2. 'Yokes and cross members.

3. Jacking equipment which keeps the form moving.
4. Work platform at the top level of the form.
5

Hanging work platform below the form face where the workers finish the surface as it
exits the form.

There are four major steps to building a caisson.

1. The first is to lay down the reinforcing steel and shape the basic structure of the
caisson.

The caisson’s foundation is then formed
Then the walls are created using a slipform.
4. The last step is to pour the concrete in and allow it to cure.

It is vital to ensure a constant supply of concrete is available during slipforming, as stopping
can result in a cold joint and rectifying it would create delays.

If a constant concrete supply cannot be provided, a dedicated concrete batching facility and
concrete laboratory could be set up next to the dry dock so that delivery time is minimized and
supply route simplified. Concrete supply for slipforming will be approximately at 30 m® per
hour and will be delivered by pump into hoppers and run out by barrow into the walls (Hibbs et
al. 2009).
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3.10.3. Casting of top slab and filling ports for ballasting

As the caisson is designed to be completely submerged the caisson will have to be sealed and
made watertight during the main casting works. This approach differs to most caisson projects
as they are emerged structures. When the caisson is in place, they are then filled with sand and
pre-cast caps are installed as the last phase of construction.

In order to make sure there are no cold joints, and that the caisson is cast in a single form, a
similar approach used in the Costa Azul project will be applied. Pre-cast reinforced concrete
slabs will be installed into the top of each cell of the caisson.

These caps will be used as a platform for the casting of top slab. Provision of shear
reinforcement in the top of these slabs should generate sufficient bond to allow composite action
with an in-situ top slab (Hibbs et al. 2009).

The pre-cast concrete caps need to be constructed with a 4-6 inch pipeline inserted into it.
This connection should match the same point on the top slab. There will be two pipelines
installed for each caisson cell; one acting as an inlet port and the second with a geotextile
membrane for the output. The geotextile will act as a filter during the sand filling stage,
allowing water out of the cell.

The connections of each pipe should be designed so they are easy to operate by a diver, a
Bauer connection or similar is recommended.

3.10.4. Installation of towing points and marking of water line

Another important aspect not to be overlooked is the installation of secure points into the
structure. There must be at least 12 points inserted into the caisson during casting and pad eyes
are the recommended type of connections. The 12 points are:

e One at each corner at the top of the structure (total of 4)
e One in each corner in the bottom of the structure (total of 4)
e One on top of the caisson in the center of each length (total of 4)

Once the concrete is cured, the construction team will need to mark the calculated water line
(the buoyancy of the caisson) of the structure at each corner; this will act as a guide to assess the
stability and keel of the caisson when floating in the dry dock and during ballasting.

3.11. Phase 9: Transport of Caisson Units to Kahului Site

Once the first caisson unit has been constructed and cured, the dry dock will be cleared of
machinery and prepared for flooding. The dry dock will be flooded and the caisson will be
monitored to assess there is an even keel, in the instance that the keel is uneven, sand ballasting
in the correct cells will take place until it is at the acceptable level (Hibbs et al. 2009).

After all checks have been undertaken, towing ropes will be connected to the points on the
caisson and the tugs, the gates of the dry dock will be opened, and the towing to the HLV
commence. Fig. 24 shows an example of a caisson being towed. The approximate towing
distance from the dry dock to the HLV for loading is 10 km. Figures 25 and 26 show the
approximate loading and unloading points, respectively, for the project.
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Fig. 24. Samsung Caisson Project, towing of Caisson from dry dock to the installation site — Korea
(Samsung 2014).
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Fig. 26. Unloading location outside Kahului project site (Courtesy of Dockwise Ltd. 2015).
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3.12. Phase 10: Unloading of Caisson Unit

Once the heavy lift vessel is in place at the construction site, the vessel will ballast itself to
approximately 40 ft; the caisson’s working draft is 29 ft. This will ensure adequate clearance for
the caisson to be towed away and moved to above the foundation layer.

The heavy lift vessel will then navigate back to Dry Dock 4 to collect the next caisson unit.
There is a possibility to transport two units at one time, however storage is an issue and the speed
of the rubble foundation will determine if two units can be installed in quick succession. If two
units at one time are possible, it would reduce the number of trips required for the heavy lift
vessel.

3.12.1. Loading/unloading of multiple caissons

The Dockwise fleet of heavy lift vessels have an adequate capacity to hold two caisson units,
meaning there is the possibility for transport of multiple units. This would result in the reduction
of transport costs, however will also create new factors on the marine site, with temporary
storage/mooring required.

One option to decrease the risk of loss/damage to the 2" unit whilst waiting for the
installation of the 1% is to transport the caisson into Kahului Harbor. However, due to the known
restrictions this is not a possibility. This means the only option is to secure the unit offshore to
anchor blocks. The risk being if there is a sudden change in marine weather the caisson could
start to rock, causing stress and further potential risk of rolling/capsizing.

There are too many risks associated with temporary mooring of the 2" unit whilst the first is
being installed. For this reason the caisson units will be transported one at a time.

3.13. Phase 11: Positioning and Ballasting of Caisson Unit onto Foundation

The positioning and ballasting of the caisson unit is vital to the success of the project. For towing
and positioning, suitable anchor points for towing wires will be prefabricated in the structure, as
discussed in Phase 8- Caisson Construction. (BS3649-7:1991).

3.13.1. Positioning of floating caisson over foundation

Once the caisson is removed from the HLV and floating on its own buoyancy, the next stage of
installation is to move the caisson into position over the prepared foundation. The installation of
the first caisson unit is vital to the positioning and alignment of the other caisson units as they are
interconnected. In order to move the caisson unit in the most controlled approach a minimum
number of 4 heavy tug boats will be used.

The tug boats will connect to the towing points using high capacity shackles and marine
grade rope. Two tugs will be positioned at the front of the caisson and one at the back slowly
pushing when required. A fourth tug will be on stand by for any adjustments on either side of
the caisson.

Outside the perimeter of the foundation, a minimum four point anchoring system will be
used. This is a similar approach to the Costa Azul LNG project (Hibbs et al. 2009). The four
point anchor system will be used to guide the caisson into place, with the use of marine grade
rope and pulleys.

The four point anchor system will allow for finer control, as the control ropes can be slowly
tightened or loosened until the position is satisfactory. Once GPS checks are conducted and the
position of the caisson is acceptable ballasting will commence.
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During the ballasting stage, movement of the caisson may occur due to wave/wind forces or
uneven ballasting to the caisson. In this situation, the tugs and mooring lines will have to
readjust the caisson and check with the RTK GPS. The RTK GPS system will be linked to an
inclinometer, giving real time positioning of each corner of the caisson with accuracy to 2 cm —
enabling informed operational control (Hibbs et al. 2009).

One additional option to compliment the four point anchor system to ensure accurate
placement and positioning is the use of driven piles into the sea bed. The piles act as reference
points and a guide during positioning and ballasting. This approach does require further
equipment, and in the case of this project the footprint of the foundation extends by 6.25 m, from
the walls of the caisson unit, which is unlike the approach applied in the Ullapool Caisson
Project (Fig. 27).

Fig. 27. Ullapool Harbor caisson positioning with four point anchor system and guide piles (Ullapool
Harbour Trust 2014).

After consideration and review of other caisson installations it has been decided the four
point anchor system will be sufficient for the planning stage, it may be found during construction
planning that the guide piles will aid in accuracy and speed of installation.

3.13.2. Ballasting of caisson unit

Once the caisson is in position and attached to the four guide blocks, the ballasting of the caisson
units can begin. To prevent any heavy loading on the caisson cells as well as any roll of the unit
during ballasting, the cells should be loaded uniformly (Tsinker 2014).

The proposed approach is to use a total of 8 water pumps with a discharge of 50m?* per hour.
Each cell is 99 m® and 80% of all cells are required to be filled for the caisson to be on the
foundation layer.

Four pumps on each side will begin the filling at the same time allowing for a controlled
ballasting. If it is found one area of the caisson is submerging faster; certain pumps can be
disengaged.
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There will be a total of 4 pumping stages (Fig. 28), once stage one is complete the dive team
will disconnect the 4 inch delivery hose from the cell cap and connect the discharge to Stage 2,
and so on, until the caisson is in position.

During the filling process constant checks with RTK GPS will be made and the tugs may
have to re-align the caisson. If it is noticed that the caisson is out of position/orientation, the
water can be pumped out of cells allowing it to float and for the tugs/guidance system to
reposition the unit.

Stage Stage Stage Stage ' Stage Stage Stage
1 3 1 3 1 3 1

Stage Stage  Stage Stage = Stage Stage Stage

2 4 2 4 2 4 2
- e 5
5 . 5
Stage Stage Stage Stage ' Stage Stage Stage
2 4 2 4 2 4 2

Stage  Stage  Stage  Stage = Stage  Stage = Stage 95
1 3 1 3 1 3 1

Fig. 28. Caisson ballasting and filling stages.

3.14. Phase 12: Pumping of fill material in Caisson Unit

Filling should be carried out as soon as the caisson is correctly positioned and seaward
compartments should always be completely filled for stability under wave loading (BS3649-
7:1991). Directly after the caisson unit has been ballasted and on the foundation layer, the filling
activities can take place. This will involve the use of 4 hydraulic pumps and the same stage-wise
approach for filling.

The dive team will connect the outlet hose to the inlet port on top of the caisson. The
hydraulic pumps will be placed into a barge containing 1,000 m* of 4F/sand fill material. Water
will be pumped into the barge and a slurry mix will be created. The hydraulic pumps will be
mounted from an A-Frame/Davit Arm and lowered into the slurry and pump the slurry from the
barge into the caisson cells via the 4inch delivery hose.

Each caisson unit can hold 3,615 m® of sand, the typical size of barge to hold the fill material
is 1,000 m®, meaning 3.7 barge loads would be required for each unit.

Using four pumps with a capacity of 100 m® per hour, one barge load will be utilized in 2.5
hours. Taking into account the loading of the sand at the port and the delivery time it can be
assumed 2 barge loads can be completed in a 7-hour day. A total of 2 work-days should be
achievable for filling each caisson unit.
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3.15. Phase 13: Caisson Unit Connection

The caisson design has been incorporated with an interlocking arrangement between each
Caisson unit. This will assist with acting as a guide and allow accurate confirmation that the
caisson unit is in the correct X- and Y-axis positions in relation to the previous unit.

It is vital to ensure the first caisson unit is in its accurate position; otherwise any offset will
have a knock on effect with the positioning of the second caisson unit and so on.

Prior to installation of the remaining 3 caisson units, the four point anchor system will need
to be moved with the crane mounted on the barge. Additionally, the connections on caisson 1
will be used to pull and position the caisson 2 into place. When the male connection of unit 1
smoothly fits with the female connection of unit 2, the ballasting will take place. The dive team
and support boat will need to monitor to make sure that the connection whilst ballasting is flush
between units 1 and 2.

If a gap is noticed one of the support tugs will have to push against unit 2 to remove any gap.
There is also the possibility of horizontal movement, and again the tugs will be used to re-adjust
any difference, when back in position the guidelines will be secured to prevent further
movement.

American Concrete Institute Guide for the Design and Construction of Fixed Offshore
Concrete Structures 357R-84 section 6.13 states:

“Where structures are to be positioned in close proximity to each other, impact should be

prevented by suitable fenders. Consideration should be given to uncontrolled surge due

to trapping of water under the caisson base. Connections should be designed to

accommodate mismatch due to displacements and rotations in the six degrees of freedom,

while preventing any undesirable damage. ”

3.16. Phase 14: Casting of Scour Protection Units

A traditional formwork mold will be constructed and pouring will be conducted at Hawaiian
Cement, Oahu. As the unit’s weight will be 19.2 tons they can be lifted and transported to
Kahului Port for loading.

Once at the port, they will be loaded onto the crane barge used to assist with the caisson
installation. The caissons will be lowered into place using the crane with guidance from the dive
team and the use of the RTK GPS system in order to get the accuracy required.

3.17. Phase 15: Installation of Scour Protection Units

Placement of the scour protection blocks will take place immediately after the caisson unit has
been put in place. Scour protection on the seaward side should, be placed and completed as soon
as possible after positioning of the caisson (BS 6349-7: 1991). During the time the heavy lift
vessel returns the scour protection units for the first section need to be completed.

When loaded onto the crane mounted barge, the units will be taken to the construction site.
A perimeter for the day will be setup on the sea bed as a guide for the installation team. There
are a total of 162 scour units per caisson section and with the aim of installing 15 units per day; it
would take approximately 10.8 days to complete each section of scour protection.

3.18. Phase 16: Post Construction Surveys

On completion of the construction project final surveys will be conducted along with As Built
drawings. The surveys will include:
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e RTK GPS survey to assess final structures position and crest height.
e Bathymetric survey.

e Videographic survey recording any damage to the structure during construction (e.g., any
gaps between the caisson units or other construction abnormalities).

3.19. Phase 17: Coral Seeding/Propagation

The final stage of this project is to conduct the coral seeding and propagation activities. There is
little information available with regards to the transplanting of coral onto breakwater structures.
The most notable project is the coral relocation project which was part of a mitigation exercise
for the extension of Kawaihae Small Boat Harbor, Hawaii.

The project, which commenced in 1994, involved the movement and transplanting of
2,700 kg of coral (Naughton and Jokiel n.d.). There is little information on this project, however,
there is mention in another publication that a stockpile of coral was also collected. This
stockpile was used for transplanting on the new harbor breakwater (Precht 2006), however, the
terms of the approach and method taken for transplanting onto the breakwater is not mentioned.

3.19.1. Supply of coral fragments for transplanting

Prior to the transplanting of the coral fragments, a known and approved source will be required.
The two options for sourcing the coral fragments are:

e Relocation of an existing coral community to mitigate any anthropogenic damage that is
being caused.

e Mariculture or Coral Gardening (Fig. 29) of coral seeds in a controlled nursery. Once the
coral fragments are large enough they will be transplanted onto the structure.

Fig. 29. A coral garden in Fiji (Smithsonian National Museum of Natural History 2011).

At the time of writing this report, which method is best for obtaining the coral fragments for
transplanting activities it is not yet known.
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3.19.2. Coral transplanting methods

The main method for transplanting and fixing coral fragments to an artificial reef structure is
with the use of glues or concrete (Goreau and Trench 2012). Another approach is the drilling
into the artificial reef structure, in this case the caisson.

A hole, approximately 10 mm, is drilled into the caisson, a raw plug is then inserted into the
hole, and a small steel stake is driven in. The next phase is to attach the coral fragment to the
stake with the use of cable ties.

It is widely regarded that the process of coral transplanting is very intensive with regards to
labor and it is not a process that can be rushed otherwise this will affect the long time survival
rates of the coral. If the aim of this project is to cover the entire caisson in transplanted coral
fragments this would be a time consuming process, with a large cost associated but with a known
success rate (Precht 2006).

The total surface area of the exposed caisson (not the bottom as this is on the foundation
layer) is 5,820 m?. If the requirement is to have 10 coral fragments per m? that would be a total
of 58,200 coral fragments that would require transplanting.

There is little literature regarding transplanting rate, one publication states “one can translate
the given maximum linear dimensions of the fragments of around 5-10 cm to an area of 30 cm?
per piece. This means that one diver could create coral cover over 3.75 m? per day” (Spurgeon
and Lindhal 2000).

In order to get coral cover on the Kahului Caisson, based on the above calculation, it would
take one diver 1,552 days. With a dive team of 10 divers this would take 155 days, not taking
into account bad weather days and the supply timelines of the coral fragments.

3.19.3. Coral transplanting with Biorock

Another innovative approach to coral transplanting is with the use of Biorock technology
(Fig. 30). Biorock is essentially a pre-fabricated metal, electrically-conductive frame. These
frames are submerged and a low voltage direct current is applied using an anode. This flow
creates an electrolytic reaction causing mineral crystals found in sea water to grow, mainly
calcium carbonate and magnesium hydroxide. This formation of mineral crystals acts as a
perfect substrate for coral transplanting. In terms of the process of transplanting the coral
fragments onto the metal frame is similar to the cable tie approach and the time for
transplantation is unlikely to change.

Fig. 30. A Biorock Structure with coral transplanting (Biorock International Corporation 2007).
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The main interest and benefit of Biorock is that is has also been found to increase the
probability of attracting coral larvae, which are millimeter-sized freely-swimming baby corals
searching for mineral structures. As a result, there are very high rates of natural coral settlement
on Biorock structures (Goreau and Trench 2012).

The second benefit is the Biorock frame is that it could be pre-installed into the caisson units
whilst in the dry dock in a controlled environment as opposed to at the marine site, there is also
the possibility of transplanting coral fragments in the dry dock to increase the productivity
compared to underwater working.

The sourcing of the electricity is something that would need to be further explored but the
use of wind/solar power has been applied to Biorock projects in the past.
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CHAPTER 4. POTENTIAL VENDORS FOR CONSTRUCTION
Table 7 lists the potential local and national vendors for the construction of this project.

Table 7. Potential vendor list.

Resource and Role in Project
Dry Dock- Caisson Casting
Tug Boats- Caisson Transport to HLV and
for positioning during ballasting.
Heavy Lift Vessel- Transportation of the
Caisson Units from Oahu to Maui.
Split Hull and Flat Deck Crane Mounted
Barge. Split Hull Barge for holding the fill
material. Flat Deck Crane Mounted Barge to
hold Scour Protection Units and Concrete

Mattress, Crane to be used to install the units.

Underwater Grader- To grade the gravel
material placed on top of the foundation
mattress.

Concrete Slip Formwork and Pouring- To
cast the caisson units in the Dry Dock.

Commercial Dive Team

Ready Mix Concrete Supply
Pre Cast Concrete Scour Blocks
Steel Re Bar

Concrete Mattress Supply

Vendor Information
Pearl Harbor, US Navy
P&R Water Taxi AND/OR Young Brothers

Dockwise, LLC

General Construction Company/American
Construction Company

Healy Tibbitts

Doka/McNally-Healy
Tibbitts/McClone/Hawaiian Dredging and
Construction

Healy Tibbitts/Sea Engineering

Hawaiian Cement, Oahu

Hawaiian Cement, Maui

Harris Re Bar, Oahu

Waskey USA
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CHAPTER 5. ELEMENTS OF RISK FOR THE PROJECT

Table 8 shows the individual elements of risk that could be faced during the construction of the
project. Each phase of construction is highlighted with the possible elements of risk and their
consequences should they occur. Also provided are suggested countermeasures to these posed

risks.

Table 8. Elements of risk for the project.

No | Critical Point

Consequences

Counter Measures

Caisson Construction

1 Late access to Pearl
Harbour Dry Dock 4

Concrete Casting cannot
commence

Delay project implementation

e Rebar
Ready-Mix Concrete

2 | Late delivery of materials:

Halt in caisson
construction activities.

Ensure adequate stock pile is
in place and back up suppliers
vendors.

Agree supply contract delay
terms with vendor.

3 | Breakdown of Equipment

Halt in construction
activities.

4 Increased Market Prices

Increase in project cost.

Application of a known
industry escalation index rate
for raw materials and man
power.

5 Weather Conditions

Halt in construction
activities.

Delay to on time
completion

Planning for summer
installation and use a
guideline of allowable
working days. Accurate
marine weather forecasting
will also assist in determining
adequate installation
windows.

6 Errors Made in Concrete
Pour

Halt in construction
activities.

Cost escalation.
Delay to on time
completion.

Ensure constant checking is
taking place following
American Concrete Institute
Guidelines.

Ensure constant supply of
concrete ready-mix.
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Table 8 (contd.). Elements of risk for the project.

No | Critical Point | Consequences | Counter Measures
Construction of Rubble Mound Foundation

1 | Initial delay in supply Delay to on time Order well in advance and

from Quarry completion. plan the supply and loading
logistics.
Book the loading slots with
Kahului Port prior to the
construction project
commencing.

2 | Unavailability of Kahului | Delay to on time Check with the Port regarding
Port for Loading Material | completion. the loading times, quantities

Increase cost as loading | and availability.
and transport would need

to come from another

island.

3 | Delay in mobilization of Delay to on time Mobilization of staff as soon
Barge/Dive Team completion. as access is granted to Dry

Dock 4.

4 | Unavailability of mooring | Increase project costs and | Check with Kahului Port prior
area for work barge in reduction in working to construction activities.
Kahului day.

5 | Unseasonal Weather Delay to on time Use of marine weather
Conditions completion. forecasting systems will help

develop mitigation scenarios.

6 | Equipment Breakdown Delay to on time Ensure there are backups for

completion. all essential equipment and
man power.
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Table 8 (contd.). Elements of risk for the project.

No | Critical Point

Consequences

| Countermeasures

Transport of Caisson’s

1 | Delay in mobilization of
Heavy Lift Vessel

Delay to installation
schedule of caisson units.
Down time which could
result in large project
costs due to idle
equipment and
manpower.

Pre book the delivery times
and obtain all necessary
approvals prior to the project
commencement.

2 | Damage to Caisson during
loading and unloading of
Heavy Lift

Delay and cost increase
due to repairs required.

Use of experience contractor
in lifting heavy
vessels/caissons.

3 | Leakage in Caisson

Potential loss of caisson
during
installation/towing
procedure.

Increased cost to rectify
and delay to project
completion.

Ensure no cold joins and
checks are conducted
throughout the concrete
pouring. Perform floating and
stability tests in the dry dock
prior to transporting the unit
for installation.

4 | Bad Sea Conditions for
Transport AND/OR
Unloading

Potential damage/loss to
the caisson.

Delay to the completion
of the project.

Use of marine weather
forecasting systems to make
sure the planned loading and
unloading operations take
place in adequate weather
windows.
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Table 8 (contd.). Elements of risk for the project.

No | Critical Point

Consequences

Countermeasures

Placement of Caissons on Foundation

1 Bad weather conditions

Incorrect position of the
caisson on the

Installation of the caisson can
only take place in wave

foundation. heights under 1m.
2 | Control of Caisson is lost | Loss of caisson or Ensuring a four point
damage anchoring system and support

vessels including at least 4
tugs.

3 | Leakage in Caisson

Loss of Caisson

Testing in the dry dock prior
to installation.

4 | Damage

Loss of Caisson

Assessment made, in the
worst case scenario the
caisson would need to be re-
loaded onto the HLV and
taken to the dry dock for
repairs.

5 Incorrect Positioning

Delay in project
completion

De-ballasting of the caisson
for the purpose of
repositioning.

6 | Uneven Ballasting

Instability of the caisson.

Ensure each cell is completely
filled. Allow time for
settlement of sand in each cell,
topping up after 1 week may
be required.

7 Uneven Rubble
Foundation

Damage/instability on
the caisson unit.

Check the level of the caisson
foundation with RTK GPS,
use of foundation mats will
help distribute the caisson
over the foundation.
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CHAPTER 6. PROJECT SCHEDULE

A project schedule was created in Microsoft Project which organizes the information of the
project schedule on a Gantt chart. The major construction tasks and activities that are involved
with the project were itemized and given an estimated duration. The main focus of the project
scheduling involves the actual heavy construction. The coral seeding activities were not
included in this schedule as this activity can take place any time after the entire submerged
caisson breakwater is completed. These included activities and their respective durations can be
seen on Table 9. After inputting this data into Microsoft Project, the total duration of the project
— without delays — was calculated to be 139.9 days. This value puts the construction period just
within the five month (approximately 150-day) window, when the waters at the construction site
would be most tranquil. Hence, tight control over the schedule will need to be maintained to
ensure completion on time.

Due to the large format of this project schedule, the overall schedule and its respective
exclusion reports can be found in Appendix A. Immediately following the bars on the Gantt
chart of the schedule, are the abbreviations for the resources that are utilized for a particular task.
The definitions for the abbreviations of the resources in the project schedule reports can be found
on Table 10.

6.1. Exclusion Reports

Various exclusion reports can be derived from the overall project schedule. This concept can
also be viewed from the other direction, were exclusion reports can be combined into an overall
project schedule. These exclusion reports can be considered to be summaries of the multiple
tasks and activities of a project that can be grouped together.

The categorization of these exclusion reports are quite subjective, however, should be
logical. A project schedule can be subdivided into as many categories as the scheduler creating
them sees fit. For this project, five exclusion reports were generated and are listed as follows:

1) Dry Dock Mobilization

2) Caisson Unit Foundation Works
3) Caisson Unit Construction

4) Caisson Unit Transport

5) Caisson Unit Installation

The Gantt charts for these exclusion reports can also be found in Appendix A. The following
sections will describe the construction processes for each exclusion report.

6.1.1. Dry dock mobilization

Construction of the caisson units cannot commence without first obtaining access to Dry Dock 4
at Pearl Harbor. Seeing as this is a US naval facility, access and permissions to use the dry dock
may take several months to several years to obtain. Once permission is granted, the first stage of
construction will begin with the mobilization of the dry dock.

This activity begins with the arrival of the two cranes that will be used for construction of the
site office and general construction of the caisson units. After arrival of the cranes and
construction of the site office, the construction site at the dry dock can receive delivery of the
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reinforcing steel for the caisson units. The last activity in this exclusion report is the preparation
of the reinforcing steel. The entire duration of the dry dock mobilization will be 22 days.

6.1.2. Caisson unit foundation works

Construction at the caisson installation site can start at the same instance as the mobilization of
the dry dock. At this stage of construction, the seabed and foundation will be prepared at the
construction site on Maui. Four caisson units will make up the entire structure, therefore, the
foundation for each caisson unit should be constructed and completed at or near the arrival of a
constructed caisson unit. This should minimize any disruption to the prepared foundation prior
to the final installation of each caisson unit.

Foundation preparation begins with the cutter suction dredger excavating the seabed to the
footprint of the caisson unit’s foundation size and depositing the excavated sediment onto a
hopper barge. Next, a barge crane will deposit a fine levelling layer of gravel from another
hopper barge onto the freshly excavated seabed. This process will be completed with a dive
team, ensuring the gravel is as level as possible. After the levelling layer is ready, the boat crane
and dive team will lower the precast concrete mattress foundation onto the prepared seabed.
Once the precast concrete mattress foundation fills the footprint of the excavated area and is
stacked in two lifts, the foundation will be ready to receive a caisson unit and the foundation for
the next caisson unit can be prepared. Foundation activities are complete once the foundation for
the fourth and final caisson unit is prepared and is expected to take 101 days.

6.1.3. Caisson unit construction

The actual construction of the caisson units can only commence once the dry dock has completed
mobilization. Another factor to be considered is that only one caisson unit can — and should — be
constructed one at a time.

This process begins with the construction of the formwork and reinforcement of a caisson
unit. Because of its inherent intricacies, the slip formwork is constructed first, but can be
constructed simultaneously with the bottom slab formwork. When the bottom slab formwork is
ready, the reinforcement for the remaining structure can start. Once all the formwork and
reinforcement is complete, pouring of concrete can commence.

Pouring the concrete involves a steady supply of concrete because of the use of a slipform;
this process will take two days to complete. Once the concrete is poured, the concrete needs to
set and begin curing. Formwork can be removed after a setting time of two days.

After the pouring stage, the construction of a caisson unit is complete. Construction of the
subsequent caisson units cannot commence until the constructed caisson unit is tugged away
from the dry dock. Overall, this process for all four caisson units should take approximately 97
days.

6.1.4. Caisson unit transport

The transport of the caisson units is critical in that a constructed caisson unit needs to be hauled
away so that it can be installed, and because without its removal, the subsequent caisson units
cannot be constructed.

Transport of a caisson unit is initialized with the clearing of the dry dock in order for it to be
flooded. Once cleared, the dry dock can be flooded. The caisson unit should be monitored for
even keel as it floats under its own buoyancy. When the water in the dry dock reaches the sea
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level, the locks at the dry dock can be opened allowing for the connection of the caisson unit to
the tug boats. The tug boats will then tug the caisson unit out of Pearl Harbor the HLV at the
loading site. When the tug boats reach the HLV, the HLV needs to ballast itself in order for the
caisson unit to be loaded. The HLV can then deballast when the caisson unit is in position and
then make its day-long voyage from Oahu to Maui. This process is repeated for each caisson
unit and will take 80 days.

6.1.5. Caisson unit installation

The final phase of construction for this project can be seen in the Caisson Unit Installation
exclusion report. The general processes of this phase include the unloading of the caisson units
from the HLV, tugging of the unloaded caisson units to the installation site, filling and ballasting
of the caisson units onto its final position, and installation of the scour protection units for each
caisson.

At the unloading site, the HLV will ballast itself in order for the loaded caisson unit to
become buoyant. Once buoyant, the caisson unit will be connected to the fleet of tug boats
stationed at Kahului harbor. When the caisson is unloaded, the tug boats will haul the caisson
unit to the installation site and the HLV will make its return voyage to Oahu in order to load and
transport the subsequent caisson units.

Upon its return arrival to Oahu, the HLV will be anchored to the caisson loading site and will
be sitting idle in anticipation of the upcoming constructed caisson unit. The cost of this idling
time has been factored into the overall cost of the project.

The unloaded caisson unit will be guided into position once it reaches the installation site. A
hopper barge containing the fill material will be at the ready at this point and will be used in
conjunction with water pumps to create a slurry and begin filling the caisson unit. While this is
occurring, a dive team will monitor the position and rate at which the caisson unit is being
ballasted, radioing to the crew of the tug boats and operators of the pumps as a guide. This
process will be continued until the caisson unit is on the foundation bed.

Once in its final position, a barge crane will unload precast scour protection units from a
barge and lower them into the vicinity around the perimeter of the installed caisson unit, where
the dive team will guide them into final position. Installation of the first unit is complete and the
site is now ready to receive the next caisson unit.

The installation and positioning of the first caisson unit is critical since the caisson units have
a built-in key system, where the initial or previously installed caisson unit acts as a guide for the
subsequent caisson units. Subsequent caisson units cannot be installed until the previous caisson
unit is in place and it is estimated that the scour protection unit installation for a caisson unit
should be completed by the time the subsequent caisson unit arrives.

This entire process is repeated three more times and should take approximately 92 days to
complete. Once the fourth caisson is in place and the final scour protection unit is set, the project
can be considered to be complete.

Table 9. Construction tasks and durations.

No. Task Name Duration (Days)
1 | Access Granted to Dry Dock 0
2 | Mobilization of Dry Dock 22
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Table 9 (contd.). Construction tasks and durations.

No. Task Name Duration (Days)
3 | Arrival of Cranes 0
4 | Setup of Site Office 2
5 | Delivery of Steel Rebar 5
6 | Preparation of Rebar 15
7 | Foundation for Caisson Unit 1 25
8 | Excavate Unit 1 Footprint from Seabed 15
9 | Installation and Grading of Fine Gravel Layer 5
10 | Installation of Concrete Mattress 5
11 | Foundation for Caisson Unit 2 27
12 | Excavate Unit 2 Footprint from Seabed 15
13 | Installation and Grading of Fine Gravel Layer 5
14 | Installation of Concrete Mattress 7
15 | Foundation for Caisson Unit 3 25
16 | Excavate Unit 3 Footprint from Seabed 15
17 | Installation and Grading of Fine Gravel Layer 5
18 | Installation of Concrete Mattress 5
19 | Foundation for Caisson Unit 4 25
20 | Excavate Unit 4 Footprint from Seabed 15

21 | Installation and Grading of Fine Gravel Layer 5

22 | Installation of Concrete Mattress 5

23 | Reinforcement and Formwork Construction Unit 1 16

24 | Construction of Slip Formwork 13

25 | Bottom Slab Formwork 1

26 | Whole Unit Reinforcement 15

27 | Construction of Caisson Unit 1 5

28 | Unit 1 Pouring of Concrete 2

29 | Unit 1 Curing of Concrete 2

30 | Unit 1 Formwork Removal 1

31 | Transport of Caisson Unit 1 4.95

32 | Clearing of Dry Dock 3

33 | Flooding of Dry Dock 0.33

34 | Connect Unit 1 to Tugs 0.06

35 | Tug Unit 1 to HLV at Loading Site 0.06

36 | Load Unit 1 onto HLV 0.5

37 | HLV sails to Maui 1

38 | Installation of Caisson Unit 1 16.61
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Table 9 (contd.). Construction tasks and durations.

No. Task Name Duration (Days)
39 | Connect Unit 1 to Tugs 0.06
40 | Unit 1 unload from HLV 0.17
41 | HLV returns to Oahu 1
42 | Tug Unit 1 to Construction Site Near Kahului Harbor 0.08
43 | Unit 1 Positioned for Filling 1
44 | Unit 1 Filled/Ballasted onto Foundation 4.5
45 | Scour Protection Units installed for Unit 1 10.8
46 | Reinforcement and Formwork Construction Unit 2 16.33
47 | Draining of Dry Dock 0.33
48 | Construction of Slip Formwork 15
49 | Bottom Slab Formwork 1
50 | Whole Unit Reinforcement 15
51 | Construction of Caisson Unit 2 5
52 | Unit 2 Pouring of Concrete 2
53 | Unit 2 Curing of Concrete 2
54 | Unit 2 Formwork Removal 1
55 | Transport of Caisson Unit 2 4.95
56 | Clearing of Dry Dock 3
57 | Flooding of Dry Dock 0.33
58 | Connect Unit 2 to Tugs 0.06
59 | Tug Unit 2 to HLV at Loading Site 0.06
60 | Load Unit 2 onto HLV 0.5
61 | HLV sails to Maui 1
62 | Installation of Caisson Unit 2 16.61
63 | Connect Unit 2 to Tugs 0.06
64 | Unit 2 unload from HLV 0.17
65 | HLV returns to Oahu 1
66 | Tug Unit 2 to Construction Site Near Kahului Harbor 0.08
67 | Unit 2 Positioned for Filling 1
68 | Unit 2 Filled/Ballasted onto Foundation 4.5
69 | Scour Protection Units installed for Unit 2 10.8
70 | Reinforcement and Formwork Construction Unit 3 16.33
71 | Draining of Dry Dock 0.33
72 | Construction of Slip Formwork 15
73 | Bottom Slab Formwork 1
74 | Whole Unit Reinforcement 15
75 | Construction of Caisson Unit 3 5
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Table 9 (contd.). Construction tasks and durations.

No. Task Name Duration (Days)
76 | Unit 3 Pouring of Concrete 2
77 | Unit 3 Curing of Concrete 2
78 | Unit 3 Formwork Removal 1
79 | Transport of Caisson Unit 3 4.95
80 | Clearing of Dry Dock 3
81 | Flooding of Dry Dock 0.33
82 | Connect Unit 3 to Tugs 0.06
83 | Tug Unit 3 to HLV at Loading Site 0.06
84 | Load Unit 3 onto HLV 0.5
85 | HLV sails to Maui 1
86 | Installation of Caisson Unit 3 16.61
87 | Connect Unit 3 to Tugs 0.06
88 | Unit 3 unload from HLV 0.17
89 | HLV returns to Oahu 1
90 | Tug Unit 3 to Construction Site Near Kahului Harbor 0.08
91 | Unit 3 Positioned for Filling 1
92 | Unit 3 Filled/Ballasted onto Foundation 4.5
93 | Scour Protection Units installed for Unit 3 10.8
94 | Reinforcement and Formwork Construction Unit 4 16.33
95 | Draining of Dry Dock 0.33
96 | Construction of Slip Formwork 15
97 | Bottom Slab Formwork 1
98 | Whole Unit Reinforcement 15
99 | Construction of Caisson Unit 4 5
100 | Unit 4 Pouring of Concrete 2
101 | Unit 4 Curing of Concrete 2
102 | Unit 4 Formwork Removal 1
103 | Transport of Caisson Unit 4 4.95
104 | Clearing of Dry Dock 3
105 | Flooding of Dry Dock 0.33
106 | Connect Unit 4 to Tugs 0.06
107 | Tug Unit 4 to HLV at Loading Site 0.06
108 | Load Unit 4 onto HLV 0.5
109 | HLV sails to Maui 1
110 | Installation of Caisson Unit 4 16.61
111 | Connect Unit 4 to Tugs 0.06
112 | Unit 4 unload from HLV 0.17
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Table 9 (contd.). Construction tasks and durations.

No. Task Name Duration (Days)
113 | HLV returns to Oahu 1

114 | Tug Unit 4 to Construction Site Near Kahului Harbor 0.08

115 | Unit 4 Positioned for Filling 1

116 | Unit 4 Filled/Ballasted onto Foundation 4.5

117 | Scour Protection Units installed for Unit 4 10.8

Table 10. Resource names and acronyms.

Resource Name Acronym
Cranes CR
Labor LAB
Rebar RB

Dredger DRG
Hopper Barge HBR
Barge with Crane BC
Dive Team DT
Slip Formwork SFW
Traditional Formwork FW
Concrete Pumps CP
Dry Dock DD
Tugboat 1 TB1
Tugboat 2 TB2
Tugboat 3 TB3
Tugboat 4 TB4
Tugboat 5 TB5
Tugboat 6 TB6
Tugboat 7 TB7
Tugboat 8 TB8
Heavy Lift Vessel HLV
Water Pump 1 WP1
Water Pump 2 WP2
Water Pump 3 WP3
Water Pump 4 WP4
Water Pump 5 WP5
Water Pump 6 WP6
Water Pump 7 WP7
Water Pump 8 WPS8

48




Construction Methodologies, Scheduling, Costing, and Process Simulation
of a Submerged Concrete Caisson Breakwater

CHAPTER 7. CONSTRUCTION COSTS

This section will cover the progression of the estimation for the total cost of this project. This
progression starts with the initial back-of-envelope estimations. The next steps in this
progression are the “fitted” estimates that combine the initial back-of-envelope estimates with
the updated estimates from HOV Environment (HOVE). The final, refined estimates take the
estimates from HOVE and apply any corrections needed.

These refined estimates should be taken as the actual estimate for the cost of the project,
based on all available information. However, as such, the line items are not a full breakdown of
all the costs for materials, equipment, and labor. The items included are generalized and detailed
as much as possible, and if any labor costs are not itemized or listed in the cost estimation
spreadsheets, they are to be assumed to be included in the costs of the related equipment. For
example: On Table 13, the cost of the HLV, per day, is estimated at US$35,000. Over the 78-
day duration it is to be utilized the total cost of the HLV comes to US$2,730,000. This cost
includes the labor costs of the entire crew of the HLV.

7.1. Back-of-Envelope Estimates

Initial cost estimates materialized during a discussion between the client and the contractor
(HOVE). Table 11 shows these estimates and was transferred from the original, back-of-
envelope calculations from the discussion between the two parties.

The notes in Line 3 of Table 11 indicate the options for the transport of the constructed
caisson units. The general mode of transport that was initially conceptualized for the caisson
units was via barge. A particular vendor or subcontractor for the transport was uncertain at the
time of these estimations; three options were considered: 1) Healy Tibbitts; 2) Blue Marlin
(HLV owned and operated by Dockwise, Ltd.); 3) the construction of a one-off BAM (buoyancy
assist module).

The first item in the notes of Table 11 is Healy Tibbitts. They are a construction company
that specializes is marine projects and has an office in Aiea, Hawaii on the island of Oahu. In a
previous section, towing of a caisson unit to the construction site could be a possible option and,
therefore, Healy Tibbitts was considered. Although transport via solely tug may not be the ideal
mode of transport, their expertise in marine construction could be valuable to this project.

Mentioned second item of the notes is Blue Marlin. Blue Marlin is the name of the heavy lift
vessel owned and operated by Dockwise, Ltd. This vessel is capable of transporting a caisson
unit as it has transported the Sea-Based X-Band Radar (SBX-1) to Pearl Harbor.

Lastly is the construction of a BAM. A BAM is a semi-submersible barge that will be a one-
off vessel used for the sole purpose of transporting the caisson units from its construction site at
Pearl Harbor to the installation site outside of Kahului Harbor.

Sea Engineering is also mentioned in the notes in Table 11. They are also a maritime
construction company that specializes in coastal engineering. They are a Hawaii-based company
and have offices on Oahu.

The total estimated costs for the project — before any additional overheads, profit, and
contingency — from the back-of-envelope calculations is US$10,472,460. After additional
overhead, profit, and contingencies, the total adds up to US$13,614,198. Each of these
additional markups are at 10% of the total costs before the markup (i.e., 10% x US$10,472,460 =
US$1,047,246).

49



Alvin Magallanes, Amarjit Singh, and Ben Sullivan
Research Report UHM/CEE/2017-02, April 2017

7.2. “Fitted” Estimates

Adjustments were made to these back-of-envelope estimates and can be seen on Table 12. These
adjustments involve “fitting” the original line items and quantities to the line items and quantities
that were provided by HOVE. Also to note are the missing line items on this table. This simply
means that these items were not discussed in the initial meeting, but included in the final
estimates.

The resulting subtotal after this “fitting” is now US$11,199,300, before any markups. The
same markups and rates from the back-of-envelope estimates were transferred over to this table
(Table 12), at 10% for each (i.e., overhead, profit, and contingency). After the markups, the total
cost for the project adds up to US$14,559,090.

7.3. Estimates from HOV Environment

Table 13 shows the revised estimates from HOVE. This version of the estimates was made by
HOVE after further research and deliberation. Several of the resource quantities have been
updated and new resources have been added.

There were also several items that were removed from the initial, back-of-envelope
estimates. The first on the list to be removed was the use of the rubble core foundation. It was
recommended that pre-cast concrete mattresses. The quantity for the rubble mound remains, but
the unit cost was removed. The BAM idea was also dropped due to its uniqueness and risk
involved. Being one-off, it was determined that there would be difficulty finding another
purpose for the BAM and it would also be difficult to try to sell. Although, risk was minimal, it
was much greater than opting for the use of an HLV for caisson transport. The final few items
that did not carry over were the transportation costs, environmental assessment, and markups.
Several additions were also made to Table 13. The column for “Potential Supplier/Vendor” have
been added after site visits and meetings that the contractor had while on Oahu and Maui. The
companies named under this column are those that were recommended by the contractor. The
only companies that do not have any local ties are Doka Slipform and Dockwise.

Also included in Table 13 was the addition of the “Active Duration” column. This column
describes the number of days in which a resource will be active, or in other words, the amount of
time the resource will bill the client. For example, the first item “Use of Dry Dock 4, Pearl
Harbor” has a unit cost of US$8,333 per day. The total number of days in which Dry Dock 4
will be utilized is estimated to be 108 days. Therefore, the total cost to use Dry Dock 4 is
US$899,964.

The total costs from the estimates in Table 13 show that the project will cost US$12,481,144,
and with a markup of 30%, the total cost will be US$16,225,487.

7.4. Refined Estimates

The estimates sent in by HOVE did not come without a few errors. Table 14 is essentially the
same as Table 13, but with some corrections to the resource quantities. With the adjustments to
the quantities, the project will cost US$14,759,107. At this point, it was also decided to increase
the overhead rate to 20%, increasing the total markup to 40%; profit and contingency both
remained at 10% each. After markups, the total estimate for this project is now US$20,662,750.
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Table 11. Initial, back-of-envelope cost estimates.

Cost over
Project
Unit Cost Active Duration Duration
No. Resource Quantity | Units (US$) (days) (US$) Notes
1 Tug Boats 2 each 750 120 180,000
2 Pearl Harbor Dry Dock 1 each 1,500,000 - 1,500,000
Options: Healy Tibbits, Blue Marlin, Make new
3 Barge 1 each 750,000 - 750,000 BAM
4 Dumb Barge 2 each 500 120 120,000 For rock and sand
5 Crane 2 each 800 120 192,000
6 Divers 1 crew 480,000 - 480,000 Sea Engineering
Concrete (350 kg/cm?; 5,000
7 psi) 1,346 m? 260 - 349,960
Concrete (250 kg/cm?; 3,600
8 psi) 6,400 m? 247 - 1,580,800
9 Rebar - - 1,000,000 - 1,000,000 | Labor included
10 Sand 1,000 yd® 25 - 25,000
11 Rubble Mound - - 212,000 - 212,000
12 Scour Protection - - 3,000,000 - 3,000,000
13 Healy Tibbitts - - 500,000 - 500,000 Labor
Pumping Equipment and
14 Pipelines - - 25,000 - 25,000
15 Water Pump - - 10,000 - 10,000
16 Concrete Caps 351 yd3 200 - 70,200
17 Labor for Concrete Caps - - 105,000 - 105,000
18 Rubble Mound Grader - - 62,500 - 62,500 Includes cost of materials to build plus labor
19 Transportation - - 250,000 - 250,000
20 | Environmental Assessment - - 60,000 - 60,000
Subtotal = 10,472,460
10% Overhead = 1,047,246
10% Profit= 1,047,246
10% Contingency = 1,047,246
Total = 13,614,198
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Table 12. “Fitted” Back-of-Envelope Estimates.

Fitted Initial Rough Estimates - UH/HOVE

Cost over
Project Duration
Quantity Units  Unit Cost ($US) ($US)
1 Dry Dock Resources
Use of Dry Dock 4, Pearl Harbor 1 each 1,500,000 1,500,000
Mobilization of Dry Dock 1 each 500,000 500,000
Slip Form Work including Frame - - - -
Crane - - - -
Concrete Pumps - - - -
Formwork - - - -
Site Office - Pearl Harbor - - - -
2 Materials
Ready Mix Concrete Delivered to Pearl Harbor Site (350 kg/cm?; 5,000 psi) 5384 m’ 200 1,076,800
Rubble Core for Foundation Delivered to Kahului - - 212,000 212,000
Rubble Levelling Layer Foundation Delivered to Kahului - - - -
Concrete Mattress Foundation - - - -
Sand Fill Material for Caisson 1,000 m 25 25,000
Pre Cast Concrete Scour Blocks (250 kg/cm?; 3,600 psi) 8320 m 190 4,580,800
Steel Rebar - - 1,000,000 1,000,000
Concrete Caps (350 kg/cn; 5,000 psi) 351 m° 200 175,200
3 Marine Resources
Heavy Lift Vessel - - - -
Barge/BAM for Caisson Transport 1 each 750,000 750,000
Tug Boat - Honolulu 2 each 1,500 180,000
Tug Boat - Kahului - - - -
Barge for Rubble Foundation and Fill Material 1 each 1,000 120,000
Crane Barge 2 each 800 192,000
Commercial Dive Team 1 each 4,000 480,000
Dredger - - - -
Support Boat - - - -
Mooring Blocks - - - -
Underwater Grader 1 each 62,500 62,500
Hydraulic Sand Pumps 1 each 25,000 25,000
Water Pumps 1 each 10,000 10,000
4 Miscellaneous
Transportation - - 250,000 250,000
Environmental Assessment - - 60,000 60,000
Subtotal 11,199,300
Overhead (10%0) 1,119,930
Profit (10%b) 1,119,930
Contingency (10%b) 1,119,930
Total 14,559,090
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Table 13. Revised estimates by HOV Environment (HOVE).

Secondary Estimates - HOVE

53

Cost over
Unit Cost  Active Duration  Project Duration
Quantity  Units ($US) (Days) (3US) Potential Supplier/\VVendor Notes
1 Dry Dock Resources
Use of Dry Dock 4, Pearl Harbor 1 each 8,333 108 899,964 Pearl Harbor, US Navy
Mobilization of Dry Dock 1 each 100,000 - 100,000 Healy Tibbitts One-Off
Slip Form Work including Frame 1 each 6,349 120 761,880 Doka Slipform One-Off
Crane 2 each 4,000 108 432,000 Healy Tibbitts
Concrete Pumps 1 each 900 108 97,200 Healy Tibbitts
Formwork 1 each 10,000 - 10,000 Healy Tibbitts One-Off
Site Office - Pearl Harbor 1 each 500 108 54,000 Healy Tibbitts
2 Materials
Ready Mix Concrete Delivered to Pearl Harbor Site (350 kg/cm?; 5,000 psi) 5,384 m° 200 - 1,076,800 Hawaiian Cement, Oahu Concrete quantity of the four caisson units.
Rubble Core for Foundation Delivered to Kahului 4,145 m° - - - Removed
Rubble Levelling Layer Foundation Delivered to Kahului 1,088 m° - - - Removed
Concrete Mattress Foundation 1,500 m° 200 - 300,000 Hawaiian Cement, Oahu
Sand Fill Material for Caisson 14,460 m 45 - 650,700 Hawaiian Cement, Maui
Pre Cast Concrete Scour Blocks (250 kg/cm?; 3,600 psi) 5,200 m’ 200 - 1,040,000 Hawaiian Cement, Maui
Steel Rebar 452 tons 1,000 - 452,000 Harris Rebar, Oahu Installation cost included in Initial Rough Estimate
Concrete Caps (350 kg/cmz; 5,000 psi) 1,008 m° 200 - 201,600 Hawaiian Cement, Oahu
3 Marine Resources
Heavy Lift Vessel 1 each 35,000 78 2,730,000 Dockwise Heavy Lift Vessels Based on availability throughout the project
Barge/BAM for Caisson Transport - - - - - Healy Tibbitts /Blue Marlin BAM is one-off
Tug Boat - Honolulu 4 each 1,500 12 72,000 P&R Water Taxi
Tug Boat - Kahului 4 each 1,500 120 720,000 Young Brothers
Barge for Rubble Foundation and Fill Material 1 each 5,000 120 600,000 Hawaiian Dredging/ Healy Tibbitts
Crane Barge 1 each 10,000 120 1,200,000 Hawaiian Dredging/ Healy Tibbitts
Commercial Dive Team 1 each 4,000 120 480,000 Healy Tibbitts /McNally
Dredger 1 each 10,000 30 300,000 Hawaiian Dredging/ Healy Tibbitts
Support Boat 1 each 1,000 120 120,000 Healy Tibbitts /McNally
Mooring Blocks 20 each 3,000 - 3,000 Hawaiian Cement Mauii
Underwater Grader 2 each 10,000 - 20,000 Healy Tibbitts /McNally
Hydraulic Sand Pumps 4 each 30,000 - 120,000 Healy Tibbitts /McNally
Water Pumps 8 each 5,000 - 40,000 Healy Tibbitts /McNally
4 Miscellaneous
Transportation - - - - -
Environmental Assessment - - - - -
Sub Total 12,481,144
Overhead (10%) 1,248,114
Profit (10%b) 1,248,114
Contingency (10%b) 1,248,114
Total 16,225,487
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Table 14. Refined estimates.

Refined Estimates - UH
Unit Cost Active Duration Cost over Project
Quantity  Units ($US) (Days) Duration (3US) Potential Supplier/\Vendor Notes
1 Dry Dock Resources
Use of Dry Dock 4, Pearl Harbor 1 each 8,333 108 899,964 Pearl Harbor, US Navy
Mobilization of Dry Dock 1 each 100,000 - 100,000 Healy Tibbitts One-Off
Slip Form Work inc Frame 1 each 6,349 120 761,880 Doka Slipform One-Off
Crane 2 each 4,000 108 432,000 Healy Tibbitts
Concrete Pumps 1 each 900 108 97,200 Healy Tibbitts
Formwork 1 each 10,000 - 10,000 Healy Tibbitts One-Off
Site Office - Pearl Harbor 1 each 500 108 54,000 Healy Tibbitts
2 Materials
Ready Mix Concrete Delivered to Pearl Harbor Site (350 kg/cm?; 5,000 psi) 9,148 m 200 - 1,829,600 Hawaiian Cement, Oahu Concrete quantity of the four caisson units.
Rubble Core for Foundation Delivered to Kahului 5,152 m° - - - Removed
Rubble Levelling Layer Foundation Delivered to Kahului 106 m° 59 - 6,223
Concrete Mattress Foundation 4,582 m° 200 - 916,305 Hawaiian Cement, Oahu
Sand Fill Material for Caisson 16,332 m° 59 - 961,334 Hawaiian Cement, Maui
Pre Cast Concrete Scour Blocks (250 kg/en?; 3,600 psi) 7,235 m’ 200 - 1,447,000 Hawaiian Cement, Maui
Steel Rebar 491 tons 1,000 - 491,000 Harris Rebar, Oahu Installation cost included in Initial Rough Estimate
Concrete Caps (350 kg/cm?; 5,000 psi) 1,738 m 200 - 347,600 Hawaiian Cement, Oahu
3 Marine Resources
Heavy Lift Vessel 1 each 35,000 78 2,730,000 Dockwise Heavy Lift VVessels Based on availability throughout the project
Barge/BAM for Caisson Transport - - - - - Healy Tibbitts /Blue Marlin BAM is one-off
Tug Boat - Honolulu 4 each 1,500 12 72,000 P&R Water Taxi
Tug Boat - Kahului 4 each 1,500 120 720,000 Young Brothers
Barge for Rubble Foundation and Fill Material 1 each 5,000 120 600,000 Hawaiian Dredging/ Healy Tibbitts
Crane Barge 1 each 10,000 120 1,200,000 Hawaiian Dredging/ Healy Tibbitts
Commercial Dive Team 1 each 4,000 120 480,000 Healy Tibbitts /McNally
Dredger 1 each 10,000 30 300,000 Hawaiian Dredging/ Healy Tibbitts
Support Boat 1 each 1,000 120 120,000 Healy Tibbitts /McNally
Mooring Blocks 20 each 3,000 - 3,000 Hawaiian Cement Maui
Underwater Grader 2 each 10,000 - 20,000 Healy Tibbitts /McNally
Hydraulic Sand Pumps 4 each 30,000 - 120,000 Healy Tibbitts /McNally
Water Pumps 8 each 5,000 - 40,000 Healy Tibbitts /McNally
4 Miscellaneous
Transportation - - - - -
Environmental Assessment - - - - -
Sub Total 14,759,107
Overhead (20%0) 2,951,821
Profit (10%) 1,475,911
Contingency (10%b) 1,475,911
Total 20,662,750

54






Construction Methodologies, Scheduling, Costing, and Process Simulation
of a Submerged Concrete Caisson Breakwater

CHAPTER 8. VERIFICATION OF CONSTRUCTION COSTS AND
SCHEDULE THROUGH PROCESS SIMULATION USING EZSTROBE

EZStrobe is a discreet-event simulation system based on activity cycle diagrams. Utilization of
this EZStrobe can provide great insight on the processes of any system. In this case, all the
phases of the construction process will be simulated to verify construction costs and durations.
The phases of construction for this project were grouped into the following categories:

e Dry dock operations (forming and casting of the caisson units, dry dock flooding and
evacuation); the loading and unloading of the constructed caisson units
The transportation of the caisson units
The rudimentary deployment process of a caisson unit
The preparation of the seabed for the caisson unit foundation
Foundation installation
Installation of the caisson units

The simulated process will reflect the cost estimates and project schedule as provided
previously. The primary focus will be on project costs and duration, as costs must be kept at a
minimum and all construction must be completed in a 5-month (approximately 150-day) period.
These five months of the year (from May through September) are when Hawaii’s waters are the
most tranquil.

Two simulations will be compared against one another. The first simulation (Simulation 1),
as mentioned previously, is based completely on the schedule provided and starts with dry dock
mobilization and seabed excavation and foundation preparation, concurrently.

Upon inspection of the original project schedule, it was determined that the dry dock
mobilization should take 20 days to complete. Therefore, the second simulation (Simulation 1)
will start solely with the dry dock simulation, and after the 20 days, construction activities at the
dry dock and at Kahului Harbor (seabed preparation) will commence. It is hypothesized that this
should thereby reduce the amount of construction time at sea, to be able to easily fall within the
5-month construction window.

8.1. EZStrobe Model for Caisson Construction Process

EZStrobe uses Microsoft Visio as a graphical interface in which activity diagrams can be
produced. The processes to be modeled in this case were created with EZStrobe and are depicted
in Fig. 32, Fig. 34, Fig. 33, and Fig. 34. Due to the large number of activities involved, the entire
process was spread over four sheets. The four sheets are connected via “FusionQueues”; a
FusionQueue is used to divide a large or complex model into several sheets and is assumed to be
the same as a Queue bearing the same name. For this model, several FusionQueues have been
utilized. An example of this would be the FusionQueue labeled DDRdyDrain (Fig. 32) and its
corresponding normal Queue bears the same name (Fig. 34).

To further aid in the distinction between the various phases of construction, the nodes used in
the model have been color coded to indicate their specific phase. A description of the color
coding is as follows:

e Blue — All activities that occur at Dry Dock 4 in Pearl Harbor. They include the
mobilization of the dry dock and the entire caisson concreting activities.
e Orange — Activities that involve the transportation of the caisson units using the

tugboats and the HLV.
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e Purple — Seabed excavation, preparation, and installation for the precast foundation
mattresses.

e Red — Caisson installation. This includes positioning, ballasting, and installation of

the scour protection units.
Table 15 summarizes the details for each elemental node in the EZStrobe model identifying
the nodes by number, name, description, node type, and its state — whether the node is active or
waiting. EZStrobe does not allow for the numbering of these nodes, however, for organizational

purposes they have been manually numbered as detailed on Table 15 and are in the general order
of when the activity or queue is first initialized.
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DDMob1 DDMob2

SiteOff RebarDel
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RebarPrep

DDRdyDrain DDMobC omp
0 0

Fig. 31. Simulation | EZStrobe model for caisson construction process Part | — Dry Dock Mobilization.
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Fig. 32. Simulation | EZStrobe model for caisson construction process Part Il — Dry Dock Construction Activities.

59






Alvin Magallanes, Amarjit Singh, and Ben Sullivan
Research Report UHM/CEE/2017-02, April 2017

TugWaitDiveT

eam

Fig. 33. Simulation | EZStrobe model for caisson construction process Part 111 — Caisson Unit Transport
via HLV.
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Fig. 34. Simulation I EZStrobe model for caisson construction process Part IV — Seabed Preparation and Caisson Placement Activities.
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Table 15. Node identification summary for EZStrobe model.

Node Name Description Type State
1 DDMobl Dry dock initialization queue Queue | Waiting
9 DDMob2 Dummy" dry dqck initialization queue to Queue | Waiting

enable simultaneous start
3 ExcMob Queue to |n|t|aI|_ze exca}vz_;lt_lon/seabed Queue | Waiting
preparation activities
4 SiteOff Construction of site office at Pearl Harbor | Combi | Active
5 RebarDel Delivery of rebar supply Combi | Active
5 CranelRdy Crane utilized for repar delivery and Queue | Waiting
preparation
7 Rebar Rebar supply Queue | Waiting
8 RebarPrep Rebar preparation Combi | Active
9 Rebar2 "Dummy" rebar supply queue Queue | Waiting
10 DDMobComp Activity S|gn|fy|_n_g epd of dry dock Normal | Active
mobilization
11 DDRdyDrain Dry dock ready to be drained Queue | Waiting
12 ExcavateBed Seabed excavation activities Combi | Active
13 ExcavationCrew Crew required fo_r §e_abed excavation Queue | Waiting
activities
14 CutterSuctDredg Cutter suction dredger resource Queue | Waiting
15 HopBarge Hopper barge resource Queue | Waiting
16 BedRdyForinspec Queue to |n|t|aI|z§e|;§§§ct|on of prepared Queue | Waiting
17 DiveTeam Small dive team resource Queue | Waiting
18 InspectBed Inspection of seabed Combi | Active
19 RdylInstallMatt Concrete mattress foundation queue Queue | Waiting
20 Mattress Concrete mattress foundation resource Queue | Waiting
21 LargeDiveTeam Larger commercial dlve_te_a_m for larger Queue | Waiting
underwater activities
22 InstallMattress Installation of concrete mattress Combi | Active
foundation
23 BargeCrane Barge with crane resource Queue | Waiting
24 RdylnstallRubbl Queue to initialize fine rubble leveling Queue | Waiting
layer for concrete mattress
25 Rubble Fine rubble leveling layer resource Queue | Waiting
26 InstallRubble Rubble leveling layer installation activity | Combi | Active
27 MattRdyForCaiss Queue signifying foundation layer Queue | Waiting
complete
28 DDDrain Draining of dry dock Combi | Active
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Table 15 (contd.). Node identification summary for EZStrobe model.

Node Name Description Type State
29 DDRdyFWorkRein Dry dock ready _for caisson formwork and Queue | Waiting
reinforcement
30 FWrkCrew Formwork and rebar construction crew Queue | Waiting
31 FWrkReinBotSlab Construction of formwork and bottom Combi | Active
slab reinforcement
32 UnitReinfCrew Crew requ_lred for caisson wall Queue | Waiting
reinforcement
33 UnitReinfRdy Ready for caisson wall reinforcement Queue | Waiting
34 UnitReinfConst Construct_lon of caisson wall Combi | Active
reinforcement
35 SlipfromAssem Slipform ready to be assembled Queue | Waiting
36 SFormCrew Crew required to assemble slipforms Queue | Waiting
37 FormFaceSupport Forms and supports of slipforms are Combi | Active
assembled
38 AddYokesMembers Yokes and beam_members are added to Normal | Active
slipforms
39 AddJacks Jacks are added to slipforms Normal | Active
40 AddWrkPlatform A work platform is added to slipforms Normal | Active
41 SlipFormsRdy Slipforms are ready for use Queue | Waiting
42 SlabConcCrew Crew required for pouring of bottom slab | Queue | Waiting
43 RdyPourBotSlab Bottom slab ready to pour Queue | Waiting
44 PourBotSlab Pouring of bottom slab concrete Combi | Active
45 ConcSupSlab Bottom slab concrete supply Queue | Waiting
46 RdyPourWalls Caisson walls ready to be poured Queue | Waiting
47 SFormConcCrew Crew required for slipform concreting Queue | Waiting
48 ConcSupWall Concrete supply for caisson walls Queue | Waiting
49 PourlnnOutWalls Caisson wall concreting Combi | Active
50 RaiseSlipform Slipforms are rals:z(; Itl(s) continue pour of Normal | Active
51 ContPourwWalls Continuation of cc\)l\?a(lzlrlgte pour of caisson Normal | Active
52 Crane2Rdy Dry dock crane ready to lift slipform Queue | Waiting
53 WallStop Queue to initialize stop of slipform work | Queue | Waiting
Combi to ensure stop of slipform cycle to . .
>4 WallComp prevent starting without bottom slab Combi | Active
55 RdyForCure Caisson ready to be cured Queue | Waiting
56 ConCure Curing of caisson unit Combi | Active
57 FormRem Removal of formwork Normal | Active
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Table 15 (contd.). Node identification summary for EZStrobe model.

Node Name Description Type State
58 DDCrewldle Dry dock crew waiting for work Queue | Waiting
59 ConstCaisssonRd Completed caisson unit ready Queue | Waiting
60 DDClearedofMach Dry dock area ;Igg(rﬁrc]lgand readied for Combi | Active
61 DDFloodCaisMon Dry dock fI_ooded an_d caisson unit Normal | Active

monitored as it floats
62 CaissonRdyTug Floating caisson unit ready for tugboat Queue | Waiting
63 Tugldle Tugboat at Pearl Harbor ready Queue | Waiting
64 CaissonConnTug Caisson unit connected to tugboat Combi | Active
65 CaissonRdyTow Caisson unit ready to be towed HLV Queue | Waiting
66 TowCaissonToHLV Caisson unit towed to HLV Combi | Active
67 LoadCaisHLV Caisson unit loaded onto HLV Normal | Active
68 HLVTravelToMaui Loaded HLYV travels to Maui Normal | Active
69 TugRetToPH Tugboat returns to Pearl Harbor Normal | Active
70 HLVWait HLYV ready to unload caisson unit Queue | Waiting
71 CaisConnToTug Caisson unit conngcted to tugboats at Combi | Active
Kahului Harbor
72 CaissonUnlHLV Caisson unit unloaded from HLV Normal | Active
73 HLVRetOahu HLYV returns to Oahu Normal | Active
74 HLVReady HLYV ready for next caisson unit Queue | Waiting
75 TugTravelWCais Tugboat tows caisson unit to project site | Normal | Active
76 TugWaitDiveTeam | Dive team ready to position caisson unit | Queue | Waiting
77 TugPosCaisson Caisson unit is positioned in place Normal | Active
78 CaisRdyFill Caisson position and ready to be filled Queue | Waiting
79 SandFill Filling of caisson with 4F sand Combi | Active
80 RdySPU Scour protectloni rl::tlz:fl (SPU) ready for Queue | Waiting
81 SPUSup SPU supply Queue | Waiting
82 SPUInst Installation of SPUs Combi | Active
83 TugBackUnlSite Tugboat unloads cs?ltzson unit at project Normal | Active
84 TugRdy Tugboat at Kahului Harbor ready Queue | Waiting
"Dummy" Combi to enable slipform cycle
85 WallDump to continue after completion of bottom Combi | Active

slab
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8.2. Model Inputs for EZStrobe Simulation
8.2.1. Activity Durations

After the model (or activity diagram) is created, inputs such as resources and activity durations
must be added in order for the simulation to run. Resource amounts and activity durations were
obtained from the estimates in Sections 0 and CHAPTER 7. Table 16 shows the durations for
input of each activity and were taken straight from Section 0. As such, the durations for all the
activities in the simulation will be fixed or deterministic (DET). It is important to note that 1 day
equals to a 24-hour period and not a typical 8-hour work day. A typical 8-hour work day would
be counted as 0.33 days for these simulations, two of those work days would be 0.667, and so on.

Table 16. Activity durations for the EZStrobe model.

Node Name Statistical Distribution Type | Duration (Days)
4 SiteOff DET 2
5 RebarDel DET 5
8 RebarPrep DET 15
10 DDMobComp DET 0
12 ExcavateBed DET 15
18 InspectBed DET 0.5
22 InstallMattress DET 5
26 InstallRubble DET 5
28 DDDrain DET 0.33

31 FWrkReinBotSlab DET 1
34 UnitReinfConst DET 15
37 FormFaceSupport DET 3.75
38 AddYokesMembers DET 3.75
39 AddJacks DET 3.75
40 AddWrkPlatform DET 3.75
44 PourBotSlab DET 0.25
49 PourlnnOutWalls DET 0.042
50 RaiseSlipform DET 0
51 ContPourWalls DET 0
54 WallComp DET 0
56 ConCure DET 2
57 FormRem DET 1
60 DDClearedofMach DET 3
61 DDFloodCaisMon DET 0.33
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Table 16 (contd.). Activity durations for the EZStrobe model.

Node Name Statistical Distribution Type | Duration (Days)
64 CaissonConnTug DET 0.06
66 TowCaissonToHLV DET 0.06
67 LoadCaisHLV DET 0.5
68 HLVTravelToMaui DET 1
69 TugRetToPH DET 0.04
71 CaisConnToTug DET 0.06
72 CaissonUnIHLV DET 0.17
73 HLVRetOahu DET 1
75 TugTravelWCais DET 0.08
77 TugPosCaisson DET 1
79 SandFill DET 4.5
82 SPUInst DET 10.8
83 TugBackUnlSite DET 0.08
85 WallDump DET 0

8.2.2. Result Formulae and Costs

EZStrobe has built-in commands and formulae that yield results to specific inquiries. The result
formulae used to generate the result reports from the simulations are located in the Appendix B.

The costs for each resource are entirely based on the estimates given in Section CHAPTER 7.
Costs that were needed to be derived were the costs for the dry dock (DD) crew. Here it was
assumed that US$30 would be the hourly rate for a person (general laborer) in this crew. The
next assumption was that the DD crew was made up of ten workers, hence the total cost per hour
of US$300 (US$30/hour x 10 workers = US$300). Over a 24-hour period, this amount
translates to US$7,200. This is the DD crew’s daily rate and it can be billed as such because the
concrete pouring activity will be an around-the-clock process that is estimated to take two days.

Another cost that needed to be derived is the cost of the rubble leveling layer and was not
previously specified. It was confirmed from a general contractor that the size of stone
recommended to be used should be the same 4F fill material. The general contractor
recommended an ASTM Size 67 aggregate, however, due to the thickness of the leveling layer,
the recommendation was changed to the 4F material. The cost of 4F was reconfirmed with
Hawaiian Cement as US$45/yd* or US$59/m?; this value is listed in the cost estimation sheet in
Table 14.

8.3. EZStrobe Model for Earlier Start of Dry Dock Mobilization (Simulation 11)

As stated in the scope of this paper, it was decided to determine whether or not it is worthwhile
to begin the dry dock mobilization 20 days ahead of schedule, before any actual construction
commences. This should reduce the amount of time spent on construction at sea and help to fit
in all the construction activities within 150 days.

To allow for this, the only change that was needed to be made was to remove the one
resource from the ExcMob Queue and have that Queue follow the DDMobComp Normal
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Activity by linking the two, from DDMobComp to ExcMob. This is depicted in Fig. 35 and now
gains a green color code. The rest of the model, input parameters, and results are unchanged.

Therefore, the result printouts or outputs will be the same, but should have different numerical
values.

Fig. 35. Simulation Il EZStrobe model for earlier start of dry dock mobilization.
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8.4. Simulation Results — Simulation |

The aim for the caisson breakwater project was to produce and install four caisson units. In
order to achieve the construction of 4 caisson units, a simulation time of 150 days was used.
However, due to the number of resources available for exactly four caisson units to be produced,
the total simulation time was 139.12 days. Table 17 and Table 18 shows the activity results.
The parameter Tot reveals the amount of times the activity was performed. AvDur depicts the
average duration for each activity. The activities that have a Tot of four were a necessary step in
completing the caisson cycle. Any activity that has a 5 value in the Tot column can be ignored as
this means that the activity was initialized, but not completed and does not contribute to the
overall duration of the simulation. Activities that have 167 instances belong to the slipforming
cycle as this means that the slipform was lifted 167 times to obtain the desired height.

Table 17. Activity results — Simulation I.

Activity Cur | Tot 1stSt | LastSt | AvDur | SDDur
AddJacks 0 5 29.83 | 128.84 | 3.75 0
AddWrkPlatform 0 5 33.58 | 13259 | 3.75 0
AddYokesMembers 0 5 26.08 | 125.09 | 3.75 0
CaisConnToTug 0 4 48.29 | 12251 0.06 0
CaissonConnTug 0 4 46.67 | 120.89 | 0.06 0
CaissonUnIHLV 0 4 48.35 | 12257 | 0.17 0
ConCure 0 4 40.34 | 114.56 2 0
ContPourWalls 0 167 38.62 | 114.56 0 0
DDClearedofMach 0 4 43.34 | 117.56 3 0
DDDrain 0 5 22 121.01 0.33 0
DDFloodCaisMon 0 4 46.34 | 12056 | 0.33 0
DDMobComp 0 1 22 22 0
ExcavateBed 0 5 0 102 15 0
FWrkReinBotSlab 0 5 22.33 | 121.34 1 0
FormFaceSupport 0 5 22.33 | 121.34 3.75 0
FormRem 0 4 42.34 | 116.56 1 0
HLVRetOahu 0 4 48.52 | 122.74 1 0
HLVTravelToMaui 0 4 47.29 | 12151 1 0
InspectBed 0 5 15 117 0.5 0
InstallMattress 0 4 155 92 5 0
InstallRubble 0 4 20.5 97 5 0
LoadCaisHLV 0 4 46.79 | 121.01 0.5 0
PourBotSlab 0 4 38.33 | 112.59 | 0.25 0
PourlnnOutWalls 0 167 38.58 | 11452 | 0.04 0
RaiseSlipform 0 167 38.62 | 114.56 0 0
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Table 17 (contd.). Activity results — Simulation I.

Activity Cur | Tot 1stSt | LastSt | AvDur | SDDur
RebarDel 0 1 2 2 5
RebarPrep 0 1 7 7 15
SPUlInst 0 4 55,5 | 128.32 | 10.8 0
SandFill 0 4 51 123.82 4.5 0
SiteOff 0 1 0 0 2
TowCaissonToHLV 0 4 46.73 | 120.95 | 0.06 0
TugBackUnlSite 0 4 55,5 | 128.32 | 0.08 0
TugPosCaisson 0 4 48.6 | 122.82 1 0
TugRetToPH 0 4 47.29 | 12151 | 0.04 0
TugTravelWCais 0 4 48.52 | 122.74 | 0.08 0
UnitReinfConst 0 5 23.33 | 122.34 15 0
WallComp 0 4 40.34 | 114.56 0 0
WallDump 0 3 63.37 | 112.84 0 0
Table 18. Activity results (additional statistics) — Simulation I.
Activity MinD | MaxD | Avint | SDInt | Minl Maxl|
AddJacks 3.75 3.75 24.75 0.03 24.71 | 24.79

AddWrkPlatform 3.75 3.75 24.75 0.03 2471 | 24.79

AddYokesMembers | 3.75 3.75 24.75 0.03 2471 | 24.79

CaisConnToTug 0.06 0.06 24.74 0.02 2471 | 24.75

CaissonConnTug 0.06 0.06 24.74 0.02 24.71 | 24.75

CaissonUnIHLV 0.17 0.17 24.74 0.02 2471 | 24.75

ConCure 2 2 24.74 0.02 2471 | 24.75
ContPourWalls 0 0 0.46 3.07 0.04 23.03
DDClearedofMach 3 3 24.74 0.02 24.71 24.75
DDDrain 0.33 0.33 24.75 0.03 2471 | 24.79
DDFloodCaisMon 0.33 0.33 24.74 0.02 24.71 | 24.75
DDMobComp 0 0
ExcavateBed 15 15 25.5 0 25.5 25.5
FWrkReinBotSlab 1 1 24.75 0.03 2471 | 24.79
FormFaceSupport 3.75 3.75 24.75 0.03 2471 | 24.79
FormRem 1 1 24.74 0.02 2471 | 24.75
HLVRetOahu 1 1 24.74 0.02 2471 | 24.75
HLVTravelToMaui 1 1 24.74 0.02 2471 | 24.75
InspectBed 0.5 0.5 25.5 0 25.5 25.5
InstallMattress 5 5 25.5 0 25.5 25.5
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Table 18 (contd.). Activity results (additional statistics) — Simulation I.

Activity MinD | MaxD | Avint | SDInt | Minl Maxl|
InstallRubble 5 5 25.5 0 25.5 25.5
LoadCaisHLV 0.5 0.5 24.74 0.02 24.71 | 24.75
PourBotSlab 0.25 0.25 24.75 0.04 24.71 | 24.79

PourlnnOutWalls 0.04 0.04 0.46 3.07 0.04 23.03

RaiseSlipform 0 0 0.46 3.07 0.04 23.03
RebarDel 5 5
RebarPrep 15 15

SPUInst 10.8 10.8 24.27 2.13 21.82 25.5

SandFill 4.5 4.5 24.27 2.13 21.82 25.5

SiteOff 2 2

TowCaissonToHLV | 0.06 0.06 24.74 0.02 24.71 | 24.75
TugBackUnlSite 0.08 0.08 24.27 2.13 21.82 25.5
TugPosCaisson 1 1 24.74 0.02 24.71 | 24.75

TugRetToPH 0.04 0.04 24.74 0.02 24.71 | 24.75

TugTravelWCais 0.08 0.08 24.74 0.02 24.71 | 24.75

UnitReinfConst 15 15 24.75 0.03 24.71 | 24.79

WallComp 0 0 24.74 0.02 24.71 24.75

WallDump 0 0 24.73 0.03 24.71 | 24.75
Table 19. Queue results — Simulation 1.

Queue Res | Cur Tot | AvWait | AvCont | SDCont | MinCont | MaxCont
BargeCrane ezs 1 5 19.82 0.71 0.45 0 1
BedRdyForInspec ezs 0 5 0 0 0 0 1
CaisRdyFill ezs 0 4 1.62 0.05 0.21 0 1
CaissonRdyTow ezs 0 4 0 0 0 0 1
CaissonRdyTug ezs 0 4 0 0 0 0 1
ConcSupSlab ezs 0 1084 75.48 | 588.13 | 401.21 0 1084
ConcSupWall ezs 0 42956 | 75.95 | 2345.13 | 1585.02 0 4295.6
ConstCaisssonRd ezs 0 4 0 0 0 0 1
CranelRdy ezs 1 3 39.04 0.84 0.36 0 1
Crane2Rdy ezs 1 168 0.79 0.95 0.22 0 1
CutterSuctDredg ezs 1 6 10.69 0.46 0.5 0 1
DDCrewldle ezs 0 4 0 0 0 0 1
DDMobl ezs 0 1 0 0 0 0 1
DDMob2 ezs 0 1 2 0.01 0.12 0 1
DDRdyDrain ezs 0 5 0 0 0 0 1
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Table 19 (contd.). Queue results — Simulation I.

Queue Res | Cur Tot | AvWait | AvCont | SDCont | MinCont | MaxCont
DDRdyFWorkRein | ezs 0 5 0 0 0 0 1
DiveTeam ezs 1 6 22.77 0.98 0.13 0 1
ExcMob ezs 0 5 0 0 0 0 1
ExcavationCrew ezs 1 6 10.69 0.46 0.5 0 1
FWrkCrew ezs 0 5 0 0 0 0 1
HLVReady ezs 4 8 26.27 1.51 1.41 0 4
HLVWait ezs 0 4 0 0 0 0 1
HopBarge ezs 1 6 10.69 0.46 0.5 0 1
LargeDiveTeam ezs 1 17 2.23 0.27 0.45 0 1
MattRdyForCaiss ezs 0 4 21.96 0.63 0.48 0 1
Mattress ezs 0 4 53.75 1.55 14 0 4
RdyForCure ezs 13 | 4308.6 1.53 47.35 133.09 0 1093.3
RdyInstallMatt ezs 1 5 4.32 0.16 0.36 0 1
RdyInstallRubbl ezs 0 4 0 0 0 0 1
RdyPourBotSlab ezs 1 5 0.36 0.01 0.11 0 1
RdyPourWalls ezs 4 183 2.05 2.69 1.88 0 5
RdySPU ezs 0 4 0 0 0 0 1
Rebar ezs 0 491 2 7.06 58.45 0 491
Rebar?2 ezs 0 491 7 24.71 107.33 0 491
Rubble ezs 0 4 58.75 1.69 1.44 0 4
SFormConcCrew ezs 1 168 0.79 0.95 0.22 0 1
SFormCrew ezs 0 5 0 0 0 0 1
SPUSup ezs 0 648 92.83 | 432.39 | 217.27 0 648
SlabConcCrew ezs 1 5 0.36 0.01 0.11 0 1
SlipFormsRdy ezs 5 172 1.48 1.83 1.51 0 5
SlipfromAssem ezs 0 5 0 0 0 0 1
Tugldle ezs 4 8 27.34 1.57 1.43 0 4
TugRdy ezs 4 8 23.91 1.38 1.36 0 4
TugWaitDiveTeam | ezs 0 4 0 0 0 0 1
UnitReinfCrew ezs 0 5 0 0 0 0 1
UnitReinfRdy ezs 0 5 0 0 0 0 1
WallStop ezs 13 | 4308.6 1.53 47.35 133.09 0 1093.3

Table 19 shows the queue results. Cur reveals the number of resources that are in the queue.
Queues that have a Cur value of one are the queues that started with a resource. Tot shows the
amount of resources that a queue has fed into an activity. The Tot results make sense because we
wanted to use up all of the concrete supply to build the caissons. AvWait reveals the average
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wait for each Queue. Any Queues that have a wait time mean that they are idling until they are
ready to be utilized.

8.5. Calculated Results — Simulation |

Table 20 shows the results that were desired for the first simulation. The total number of caisson
produced was four, which was the target amount. The production per day displays the progress
of the caisson cycle for each day. The total amount of days that the model took to simulate the
production of four concrete caisson units is 139.12 days. The rest of the input results show the
costs for the resources needed to complete the project. As seen in the Table 20, the total cost of
all the project is US$20,484,900.

Table 20. Results of Simulation I.

Description Value
Total Number of Products Produced 4
Total Cost of Cutter Suction Dredger (includes operator) US$600,000
Total Cost of Excavation Crew US$129,600
Total Cost of Rubble US$6,254
Total Cost of Barge Crane (includes operator) US$400,000
Total Cost of Concrete US$1,829,600
Total Cost of Concrete Mattress US$916,400
Total Project Duration (Days) 139.118
Number of Caissons Cast 4
Total Cost of Commercial Dive Team US$176,000
Total Cost of Dry Dock US$1,007,860
Total Cost of Concrete Pumps (includes operator) US$275,198
Total Cost of Site Office US$60,474
Total Cost of Forms US$10,000
Total Cost of Dry Dock Mobilization US$100,000
Total Cost of Mooring Blocks US$60,000
Total Cost of Underwater Grader (includes operator) US$20,000
Total Cost of Hydraulic Sand Pumps (includes operator) US$120,000
Total Cost of Water Pumps (includes operator) US$320,000
Total Cost of Support Boats (includes operator) US$139,118
Total Cost of Rubble Foundation Barge (includes operator) US$695,590
Total Cost of Sand Fill US$963,588
Total Cost of Precast Concrete US$1,447,000
Total Cost of Steel Rebar US$491,000
Total Cost of Concrete Caps US$347,600
Total Cost of Formwork Crew US$25,440
Production Per Day 0.0287526
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Table 20 (contd.). Results of Simulation I.

Description Value
Total Cost of Construction Crew (to clear Dry Dock 4) US$19,062
Total Cost of Crane 2 at DD (includes operator) US$319,056
Total Cost of Crane 1 at DD (includes operator) US$44,000
Total Cost of Slip Forms US$909,672
Total Cost of DD Crew US$86,400
Total Cost of Tugs at Pearl Harbor (includes operator) US$15,840
Total Cost of HLV US$4,869,130
Total Cost of Tugs at Kahului Harbor (includes operator) US$33,360
Total Cost of Dive Team US$16,000
Total Cost of Project US$15,757,700
Total Project Cost including Overhead, Profit, and Contingency US$22,060,780

8.6. Simulation Results — Simulation 11

The activity and queue results are shown on Table 21, Table 22, and Table 23 and are reported in
the same manner as the first simulation.

Table 21. Activity results — Simulation II.

Activity Cur Tot 1stSt | LastSt | AvDur | SDDur
AddJacks 0 5 29.83 | 128.84 | 3.75 0
AddWrkPlatform 0 5 33.58 | 13259 | 3.75 0
AddYokesMembers 0 5 26.08 | 125.09 | 3.75 0
CaisConnToTug 0 4 48.29 | 12251 | 0.06 0
CaissonConnTug 0 4 46.67 | 120.89 | 0.06 0
CaissonUnIHLV 0 4 48.35 | 12257 | 0.17 0
ConCure 0 4 40.34 | 114.56 2 0
ContPourWalls 0 167 38.62 | 114.56 0 0
DDClearedofMach 0 4 43.34 | 117.56 3 0
DDDrain 0 5 22 121.01 | 0.33 0
DDFloodCaisMon 0 4 46.34 | 12056 | 0.33 0

DDMobComp 0 1 22 22 0

ExcavateBed 0 5 22 127.5 15 0
FWrkReinBotSlab 0 5 22.33 | 121.34 1 0
FormFaceSupport 0 5 22.33 | 121.34 | 3.75 0
FormRem 0 4 42.34 | 116.56 1 0
HLVRetOahu 0 4 48.52 | 122.74 1 0
HLVTravelToMaui 0 4 47.29 | 121.51 1 0
InspectBed 0 5 37 142.5 0.5 0
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Table 21 (contd.). Activity results — Simulation I1.

Activity Cur Tot 1stSt | LastSt | AvDur | SDDur
InstallMattress 0 4 37.5 117.5 5 0
InstallRubble 0 4 42.5 122.5 5 0
LoadCaisHLV 0 4 46.79 | 121.01 0.5 0
PourBotSlab 0 4 38.33 | 11259 | 0.25 0
PourlnnOutWalls 0 167 38.58 | 11452 | 0.04 0
RaiseSlipform 0 167 38.62 | 114.56 0 0
RebarDel 0 1 2 2 5
RebarPrep 0 1 7 7 15
SPUInst 0 4 54.1 133 10.8
SandFill 0 4 49.6 128.5 4.5
SiteOff 0 1 0 0 2
TowCaissonToHLV 0 4 46.73 | 12095 | 0.06 0
TugBackUnlSite 0 4 54.1 133 0.08 0
TugPosCaisson 0 4 48.6 127.5 1 0
TugRetToPH 0 4 4729 | 12151 | 0.04 0
TugTravelWCais 0 4 48.52 | 122.74 | 0.08 0
UnitReinfConst 0 5 23.33 | 122.34 15 0
WallComp 0 4 40.34 | 114.56 0 0
WallDump 0 3 63.37 | 112.84 0 0
Table 22. Activity results (additional statistics) — Simulation I1.
Activity MinD | MaxD | Avint | SDInt | Minl Maxl|
AddJacks 3.75 3.75 24.75 0.03 24.71 | 24.79
AddWrkPlatform 3.75 3.75 24.75 0.03 24.71 | 24.79
AddYokesMembers | 3.75 3.75 24.75 0.03 24.71 | 24.79
CaisConnToTug 0.06 0.06 24.74 0.02 24.71 | 24.75
CaissonConnTug 0.06 0.06 24.74 0.02 24.71 24.75
CaissonUnIHLV 0.17 0.17 24.74 0.02 24.71 | 24.75
ConCure 2 2 24.74 0.02 2471 | 24.75
ContPourWalls 0 0 0.46 3.07 0.04 23.03
DDClearedofMach 3 3 24.74 0.02 24.71 | 24.75
DDDrain 0.33 0.33 24.75 0.03 24.71 | 24.79
DDFloodCaisMon 0.33 0.33 24.74 0.02 24.71 | 24.75
DDMobComp 0 0
ExcavateBed 15 15 26.38 0.78 25.5 27.4
FWrkReinBotSlab 1 1 24.75 0.03 24.71 | 24.79
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Table 22 (contd.). Activity results (additional statistics) — Simulation I1.

Activity MinD | MaxD | Avint | SDInt | Minl Maxl|
FormFaceSupport 3.75 3.75 24.75 0.03 2471 | 24.79
FormRem 1 1 24.74 0.02 24.71 | 24.75
HLVRetOahu 1 1 24.74 0.02 24.71 | 24.75
HLVTravelToMaui 1 1 24.74 0.02 24.71 | 24.75
InspectBed 0.5 0.5 26.38 0.78 25.5 27.4
InstallMattress 5 5 26.67 0.64 26.3 27.4
InstallRubble 5 5 26.67 0.64 26.3 27.4
LoadCaisHLV 0.5 0.5 24.74 0.02 24.71 | 24.75
PourBotSlab 0.25 0.25 24.75 0.04 24.71 | 24.79
PourlnnOutWalls 0.04 0.04 0.46 3.07 0.04 23.03
RaiseSlipform 0 0 0.46 3.07 0.04 23.03
RebarDel 5 5
RebarPrep 15 15
SPUlInst 10.8 10.8 26.3 0 26.3 26.3
SandFill 4.5 4.5 26.3 0 26.3 26.3
SiteOff 2 2
TowCaissonToHLV | 0.06 0.06 24.74 0.02 24.71 | 24.75
TugBackUnlSite 0.08 0.08 26.3 0 26.3 26.3
TugPosCaisson 1 1 26.3 0 26.3 26.3
TugRetToPH 0.04 0.04 24.74 0.02 24.71 | 24.75
TugTravelWCais 0.08 0.08 24.74 0.02 24.71 | 24.75
UnitReinfConst 15 15 24.75 0.03 24.71 | 24.79
WallComp 0 0 24.74 0.02 24.71 | 24.75
WallDump 0 0 24.73 0.03 24.71 | 24.75
Table 23. Queue results — Simulation I1.
Queue Res | Cur Tot | AvWait | AvCont | SDCont | MinCont | MaxCont
BargeCrane ezs 1 5 20.76 0.72 0.45 0 1
BedRdyForInspec ezs 0 5 0 0 0 0 1
CaisRdyFill ezs 0 4 0 0 0 0 1
CaissonRdyTow ezs 0 4 0 0 0 0 1
CaissonRdyTug ezs 0 4 0 0 0 0 1
ConcSupSlab ezs 0 1084 75.48 | 568.96 | 408.2 0 1084
ConcSupWall ezs 0 4295.6 | 75.95 |2268.71 | 1613.62 0 4295.6
ConstCaisssonRd ezs 0 4 0 0 0 0 1
CranelRdy ezs 1 3 40.6 0.85 0.36 0 1
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Table 23 (contd.). Queue results — Simulation I1.

Queue Res | Cur Tot | AvWait | AvCont | SDCont | MinCont | MaxCont
Crane2Rdy ezs 1 168 0.81 0.95 0.22 0 1
CutterSuctDredg ezs 1 6 11.47 0.48 0.5 0 1
DDCrewldle ezs 0 4 0 0 0 0 1
DDMob1 ezs 0 1 0 0 0 0 1
DDMob2 ezs 0 1 2 0.01 0.12 0 1
DDRdyDrain ezs 0 5 0 0 0 0 1
DDRdyFWorkRein | ezs 0 5 0 0 0 0 1
DiveTeam ezs 1 6 23.55 0.98 0.13 0 1
ExcMob ezs 0 5 0 0 0 0 1
ExcavationCrew ezs 1 6 11.47 0.48 0.5 0 1
FWrkCrew ezs 0 5 0 0 0 0 1
HLVReady ezs 4 8 28.62 1.59 1.45 0 4
HLVWait ezs 0 4 0 0 0 0 1
HopBarge ezs 1 6 11.47 0.48 0.5 0 1
LargeDiveTeam ezs 1 17 2.51 0.3 0.46 0 1
MattRdyForCaiss ezs 0 4 0.28 0.01 0.09 0 1
Mattress ezs 0 4 77.78 2.16 1.46 0 4
RdyForCure ezs 13 | 4308.6 1.54 46.23 131.04 0 1093.3

RdylInstallMatt ezs 1 5 0.86 0.03 0.17 0 1
RdyInstallRubbl ezs 0 4 0 0 0 0 1
RdyPourBotSlab ezs 1 5 1.29 0.04 0.21 0 1
RdyPourWalls ezs 4 183 2.15 2.73 1.86 0 5
RdySPU ezs 0 4 0 0 0 0 1

Rebar ezs 0 491 2 6.83 57.5 0 491

Rebar2 ezs 0 491 7 23.9 105.66 0 491
Rubble ezs 0 4 82.78 2.3 1.43 0 4
SFormConcCrew ezs 1 168 0.81 0.95 0.22 0 1
SFormCrew ezs 0 5 0 0 0 0 1

SPUSup ezs 0 648 93.55 | 42157 | 217.85 0 648
SlabConcCrew ezs 1 5 1.29 0.04 0.21 0 1
SlipFormsRdy ezs 5 172 1.61 1.93 1.59 0 5
SlipfromAssem ezs 0 5 0 0 0 0 1
Tugldle ezs 4 8 29.68 1.65 1.47 0 4
TugRdy ezs 4 8 25.9 1.44 1.36 0 4
TugWaitDiveTeam | ezs 0 4 2.34 0.07 0.25 0 1
UnitReinfCrew ezs 0 5 0 0 0 0 1
UnitReinfRdy ezs 0 5 0 0 0 0 1
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Table 23 (contd.). Queue results — Simulation I1.

Queue

Res

Cur

Tot

AvWait

AvCont

SDCont

MinCont

MaxCont

WallStop

€7ZS

13

4308.6

1.54

46.23

131.04

0

1093.3

8.7. Calculated Results — Simulation 11

Table 24 shows the results that were desired for the second simulation.
simulation, the total number of caisson produced was four.

Similar to the first
The duration for this second

simulation was 143.8 days, however the actual construction duration (duration in which physical
construction took place) was 20 days less at 123.8 days. The rest of the input results show the
costs for the resources needed to complete the project. As seen in the Table 24, the total cost of
all the project is US$20,678,300.

Table 24. Results of Simulation 1.

Description Value
Total Number of Products Produced 4
Total Cost of Cutter Suction Dredger (includes operator) US$600,000
Total Cost of Excavation Crew US$129,600
Total Cost of Rubble US$6,254
Total Cost of Barge Crane (includes operator) US$400,000
Total Cost of Concrete US$1,829,600
Total Cost of Concrete Mattress US$916,400
Total Project Duration (Days) 143.804
Duration of All Construction Activities after DD Mobilization (Days) 123.804
Number of Caissons Cast 4
Total Cost of Commercial Dive Team US$176,000
Total Cost of Dry Dock US$1,007,860
Total Cost of Concrete Pumps (includes operator) US$275,198
Total Cost of Site Office US$60,474
Total Cost of Forms US$10,000
Total Cost of Dry Dock Mobilization US$100,000
Total Cost of Mooring Blocks US$60,000
Total Cost of Underwater Grader (includes operator) US$20,000
Total Cost of Hydraulic Sand Pumps (includes operator) US$120,000
Total Cost of Water Pumps (includes operator) US$320,000
Total Cost of Support Boats (includes operator) US$123,804
Total Cost of Rubble Foundation Barge (includes operator) US$619,020
Total Cost of Sand Fill US$963,588
Total Cost of Precast Concrete US$1,447,000
Total Cost of Steel Rebar US$491,000
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Table 10 (contd.). Results from Simulation II.

Description Value

Total Cost of Concrete Caps US$347,600
Total Cost of Formwork Crew US$25,440
Production Per Day 0.0278156
Total Cost of Construction Crew (to clear Dry Dock 4) US$19,062
Total Cost of Crane 2 at DD (includes operator) US$44,000
Total Cost of Crane 1 at DD (includes operator) US$319,056
Total Cost of Slip Forms US$909,672
Total Cost of DD Crew US$86,400
Total Cost of Tugs at Pearl Harbor (includes operator) US$15,840
Total Cost of HLV US$5,033,140
Total Cost of Tugs at Kahului Harbor (includes operator) US$33,360
Total Cost of Dive Team US$16,000
Total Cost of Project US$15,906,300
Total Project Cost including Overhead, Profit, and Contingency US$22,268,820

8.8. Analyses of EZStrobe Simulations
8.8.1. Productivity Analysis between the Simulations I and 11

From the results, the total duration of Simulation I was 139.12 days and shows the confirmation
of the original project schedule — having an overall duration of 139.9 days — and that the project
can be completed within the 150-day construction window. This would mean that there will only
be about 10 days total float for all the construction activities. The simulation was completed
without factoring any delay that could be incurred during the construction of the project and with
a simulation time of 139.12 days. This could be problematic if this project were to actually be
constructed as delays or other complications could arise during construction, causing an increase
in construction time.

Conversely, the duration for the entire project was 143.8 days for Simulation Il. With the
exclusion of the dry dock mobilization — a process that takes 20 days to complete — all
construction activities can be completed in 123.8 days. As with Simulation I, delay was not a
factor and float for construction activities is now 20 days; 26 days of float if considering the full
150-day window. If the aim is to get the construction completed within 150 days, then this
second simulation would be ideal as the first 20 days of construction works would not be
affected by weather.

Simulation Il divides the construction into two events: 1) Dry dock mobilization and 2)
Actual construction. This was done in the hopes that the process would be able to complete the
first caisson unit sooner. However, this was not the case. The total duration of the second
simulation was 4.68 days longer and the first caisson was completed in 42.34 days; this was the
completion time for the first caisson unit in both simulations.
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8.8.2. Cost Analysis

The total cost of the project in Simulation 1 was US$15,757,700 and US$22,060,780 with
contingencies.  For Simulation II, the cost was determined to be US$15,906,300 and
US$22,268,820, with contingencies.

Comparing only the costs of this project with contingencies, the difference between the two
simulations is US$208,040. The simulations support this difference as Simulation Il took 4.68
days longer and the costs for several resources were incurred over that duration.

When comparing the two costs obtained from the simulations to the original cost estimate of
US$20,662,750, the differences are US$1,398,030 (a 6.54% increase in costs) for Simulation |
and US$1,606,070 (a 7.48% increase in costs) for Simulation Il. The factors that could have
caused these cost discrepancies could be from the discrepancies in the durations in which the
resources were utilized. In any case, an over estimate in costs could cover any additional
contingencies that may occur.

8.9. Findings and Conclusions

From these simulations, the following conclusions can be made:

e The simulations verify the estimated costs and project schedule.

e The total duration for Simulation | was 139.12 days; approximately 10 days short of the
150-day construction window; and project costs for this simulation total US$22,060,780,
with contingencies.

e The total duration for Simulation Il was 143.8 days; approximately 6 days short of the
150-day construction window; and project costs for this simulation total US$22,268,820,
with contingencies.

e Simulation I was completed 4.68 days sooner than the second simulation and allow for
approximately 10 days of float, however, the second simulation allows for 26 days of
float if considering the 150-day construction window.

e Simulation Il, where the dry dock activities are isolated from the construction activities,
appears to the better option as it is more conservative and risks would be lower than the
first simulation.
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APPENDIX A: PROJECT SCHEDULE
AND EXCLUSION REPORTS



ID Task Task Name Duration Start Finish Predecessors May 2017 ' June 2017 | July 2017 | August 2017 September 2017 October 2017  November 2017
O  Mode 25 28 1 a7 | 10| 13 | 16 19 | 2 | 25 | 28 | 31| 3 | 6 | 9 | 12 | 15 18 | 21 | 24 | 27 | 30 | 3 6 | o | 12 | 15 18 | 21 | 24 | 27 | 30 " 2 | s | 8 | 11| 14 17 | 20 | 23 | 26 | 29 1 |4 | 7 | 10 | 13 16 | 19 | 2 | 25 | 28 1 |4 | 7 [ 10 | 13 16 | 19 | 2 | 25 | 28 | 31 | 3 | 6 | 9o | 12 15 | 18 | 21 | 24 |
L "% Submerged Concrete Caisson Breakwater 139.9days Mon5/1/17  Mon 11/13/17 ' !
Project for Kahului Harbor
2 3 Access Granted to Dry Dock 0 days Mon 5/1/17 Mon 5/1/17
3 - Mobilization of Dry Dock 22 days Mon 5/1/17 Wed 5/31/17
4 3 Arrival of Cranes 0 days Mon 5/1/17 Mon 5/1/17 2
5 3 Setup of Site Office 2 days Mon 5/1/17 Tue 5/2/17 2
6 3 Delivery of Steel Rebar 5 days Wed 5/3/17 Tue 5/9/17 5
7 7 Preparation of Rebar 15 days Wed 5/10/17 Tue 5/30/17 6 CR,LAB,RB
8 3 Dry Dock Mobilization Complete 0 days Wed 5/31/17 Wed 5/31/17 7
9 -} Foundation for Caisson Unit 1 25 days Mon 5/1/17 Mon 6/5/17 1
10 2 Excavate Unit 1 Footprint from Seabed 15 days Mon 5/1/17 Fri 5/19/17 2 i DRG,HBR
11 7 Installation and Grading of Fine Gravel Layer 5 days Mon 5/22/17 Fri 5/26/17 10 ¢| 1 BC,DT.H
12 2 Installation of Concrete Mattress 5 days Mon 5/29/17 Fri 6/2/17 11 % 1 BC,DT,HBR
13 3 Foundation for Unit 1 Complete 0 days Mon 6/5/17 Mon 6/5/17 12 ?
14 - Foundation for Caisson Unit 2 27 days Mon 6/5/17 Wed 7/12/17 i ]
15 p Excavate Unit 2 Footprint from Seabed 15 days Mon 6/5/17 Fri 6/23/17 13 I 1 DRG,HBR
16 2 Installation and Grading of Fine Gravel Layer 5 days Mon 6/26/17 Fri 6/30/17 15 ¢I 1 BC,DT,HBR
17 3 Installation of Concrete Mattress 7 days Mon 7/3/17 Wed 7/12/17 16 ¢I 1 BC,DT,HBR
18 3 Foundation for Unit 2 Complete 0 days Wed 7/12/17 Wed 7/12/17 17FS-1 day ‘)07
19 - Foundation for Caisson Unit 3 25 days Wed 7/12/17 Wed 8/16/17 l 1
20 2 Excavate Unit 3 Footprint from Seabed 15 days Wed 7/12/17 Tue 8/1/17 18 I 1, DRG,HBR
21 2 Installation and Grading of Fine Gravel Layer 5 days Wed 8/2/17 Tue 8/8/17 20 I‘ 1, BC,DT,HBR
22 2 Installation of Concrete Mattress 5 days Wed 8/9/17 Tue 8/15/17 21 I¢ 1, BC,.DT,HBR
23 3 Foundation for Unit 3 Complete 0 days Wed 8/16/17 Wed 8/16/17 22 #
24 - Foundation for Caisson Unit 4 25 days Wed 8/16/17 Wed 9/20/17 l 1
25 3 Excavate Unit 4 Footprint from Seabed 15 days Wed 8/16/17 Tue 9/5/17 23 [ 1. DRG,HBR
26 3 Installation and Grading of Fine Gravel Layer 5 days Wed 9/6/17 Tue 9/12/17 25 % . BC,DT,HBR
27 3 Installation of Concrete Mattress 5 days Wed 9/13/17 Tue 9/19/17 26 |¢  BC,DT,HBR
28 3 Foundation for Unit 4 Complete 0 days Wed 9/20/17 Wed 9/20/17 27 0‘
29 - Reinforcement and Formwork Construction Unit 1 16 days Wed 5/31/17 Thu 6/22/17 1
30 * 3 Construction of Slip Formwork 13 days Wed 5/31/17 Fri6/16/17 8 1 CR,LAB,RB,SFW,FW
31 * 3 Bottom Slab Formwork 1 day Wed 5/31/17 Wed 5/31/17 8 "5 LAB,RB,FW
2§ Whole Unit Reinforcement 15 days Thu 6/1/17 Wed 6/21/17 31 lLAB'RB
33 3 Reinforcement and Formwork Construction Unit 1 Complete 0 days Thu 6/22/17 Thu 6/22/17 32 ‘W
34 - Construction of Caisson Unit 1 5 days Thu 6/22/17 Thu 6/29/17 l 1
35 3 Unit 1 Pouring of Concrete 2 days Thu 6/22/17 Fri6/23/17 33 JBlCR.DD.LAB.RB
36 2 Unit 1 Curing of Concrete 2 days Mon 6/26/17 Tue 6/27/17 35 l
37 3 Unit 1 Formwork Removal 1 day Wed 6/28/17 Wed 6/28/17 36 lCR,DD.LAB
38 3 Construction of Caisson Unit 1 Complete 0 days Thu 6/29/17 Thu 6/29/17 37 ﬂ
39 - Transport of Caisson Unit 1 4.95days Thu6/29/17 Thu 7/6/17 i 1
40 3 Clearing of Dry Dock 3 days Thu 6/29/17 Mon 7/3/17 38 R,LAB
41 7 Flooding of Dry Dock 0.33days  Wed 7/5/17 Wed 7/5/17 40 DD
42 3 Connect Unit 1 to Tugs 0.06 days  Wed 7/5/17 Wed 7/5/17 41 %TBI,TBZ,TB3.TB4
43 2 Tug Unit 1 to HLV at Loading Site 0.06 days  Wed 7/5/17 Wed 7/5/17 42 HLV,TB1,TB2,TB3,TB4
44 7 Load Unit 1 onto HLV 0.5 days Wed 7/5/17 Wed 7/5/17 43 % HLV,TB1,TB2,TB3,TB4
45 2 HLV sails to Maui 1 day Wed 7/5/17 Thu 7/6/17 44 171, HLV
46 - Installation of Caisson Unit 1 16.61days Thu7/6/17 Mon 7/31/17 IL 1
47 3 Connect Unit 1 to Tugs 0.06days  Thu7/6/17 Fri7/7/17 45 I+ HLV,TB5,TB6,TB7,TB8
48 3 Unit 1 unload from HLV 0.17days  Fri7/7/17 Fri 7/7/17 47 \¢ HLV,TB5,TB6,TB7,TB8
49 2 HLV returns to Oahu 1 day Fri 7/7/17 Mon 7/10/17 48 :i 1 HLV
50 3 Tug Unit 1 to Construction Site Near Kahului Harbor 0.08 days  Fri7/7/17 Fri7/7/17 48 |, TB5,TB6,TB7,TB8
51 3 Unit 1 Positioned for Filling 1 day Fri7/7/17 Mon 7/10/17 50 I¢ . TB5,TB6,TB7,TB8
52 2 Unit 1 Filled/Ballasted onto Foundation 4.5 days Mon 7/10/17 Fri 7/14/17 51 I 1, TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
53 3 Scour Protection Units installed for Unit 1 10.8 days  Fri 7/14/17 Mon 7/31/17 52 I 1 BCDT
54 3 Installation of Caisson Unit 1 Complete 0 days Mon 7/31/17 Mon 7/31/17 53 é
55 - Reinforcement and Formwork Construction Unit 2 16.33 days Wed 7/5/17 Thu 7/27/17 I 1
56 2 Draining of Dry Dock 0.33days  Wed 7/5/17 Wed 7/5/17 43 DD
57 + 3 Construction of Slip Formwork 15 days Wed 7/5/17 Wed 7/26/17 56 Ii | CR,LAB,RB,SFW,FW
58 * 3 Bottom Slab Formwork 1 day Wed 7/5/17 Thu 7/6/17 56 lLAB.RB.FW
59 * 3 Whole Unit Reinforcement 15 days Thu 7/6/17 Thu 7/27/17 58 lLAB.RB
60 2 Reinforcement and Formwork Construction Unit 2 Complete 0 days Thu 7/27/17 Thu 7/27/17 59 ’W
61 - Construction of Caisson Unit 2 5 days Thu 7/27/17 Thu 8/3/17 IL 1
62 3 Unit 2 Pouring of Concrete 2 days Thu 7/27/17 Mon 7/31/17 60 lCl:’.CR.DD.LAB.RB
63 3 Unit 2 Curing of Concrete 2 days Mon 7/31/17 Wed 8/2/17 62 l
64 3 Unit 2 Formwork Removal 1 day Wed 8/2/17 Thu 8/3/17 63 lCR,DD.LAB
65 3 Construction of Caisson Unit 2 Complete 0 days Thu 8/3/17 Thu 8/3/17 64 ﬂ
66 - Transport of Caisson Unit 2 495days Thu8/3/17 Thu 8/10/17 l 1
67 3 Clearing of Dry Dock 3 days Thu 8/3/17 Tue 8/8/17 65 lCR.LAB
68 7 Flooding of Dry Dock 0.33days  Tue 8/8/17 Wed 8/9/17 67 DD
69 3 Connect Unit 2 to Tugs 0.06 days  Wed 8/9/17 Wed 8/9/17 68 %TBI,TBZ,TBS,TB4
70 3 Tug Unit 2 to HLV at Loading Site 0.06 days  Wed 8/9/17 Wed 8/9/17 69 lHLV.TBl,TB2,TB3.TB4
71 3 Load Unit 2 onto HLV 0.5 days Wed 8/9/17 Wed 8/9/17 70 - HLV,TB1,TB2,TB3,TB4
72 3 HLV sails to Maui 1 day Wed 8/9/17 Thu 8/10/17 71 i1, HLV
73 - Installation of Caisson Unit 2 16.61 days Thu 8/10/17 Mon 9/4/17 l
74 ) Connect Unit 2 to Tugs 0.06 days Thu 8/10/17 Thu 8/10/17 72 . HLV,TB5,TB6,TB7,TB8
75 3 Unit 2 unload from HLV 0.17days  Thu 8/10/17 Thu 8/10/17 74 v HLV,TB5,TB6,TB7,TB8
76 2 HLV returns to Oahu 1 day Thu 8/10/17 Fri 8/11/17 75 ra HLV
77 3 Tug Unit 2 to Construction Site Near Kahului Harbor 0.08 days  Thu 8/10/17 Fri 8/11/17 75 i1 TB57TB6,TB7,TB8
78 2 Unit 2 Positioned for Filling 1 day Fri8/11/17 Mon 8/14/17 77 |¢ ;. TB5,TB6,TB7,TB8
79 3 Unit 2 Filled/Ballasted onto Foundation 4.5 days Mon 8/14/17 Fri 8/18/17 78 I . TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
80 2 Scour Protection Units installed for Unit 2 10.8 days Fri 8/18/17 Mon 9/4/17 79 I‘
81 3 Installation of Caisson Unit 2 Complete 0 days Mon 9/4/17 Mon 9/4/17 80
82 - Reinforcement and Formwork Construction Unit 3 16.33 days Wed 8/9/17 Fri9/1/17 I
83 7 Draining of Dry Dock 0.33days  Wed 8/9/17 Thu 8/10/17 71 ~.DD
84 + 2 Construction of Slip Formwork 15 days Thu 8/10/17 Thu 8/31/17 83 i 1 CR,LAB,RB,SFW,FW
85 + 3 Bottom Slab Formwork 1 day Thu 8/10/17 Fri 8/11/17 83 l|-A|3.R|3.FW
86 * 3 Whole Unit Reinforcement 15 days Fri8/11/17 Frio/1/17 85 lL/-\B.RB
87 3 Reinforcement and Formwork Construction Unit 3 Complete 0 days Fri9o/1/17 Frio/1/17 86 ﬂ
88 - Construction of Caisson Unit 3 5 days Fri9/1/17 Fri9/8/17 IL |
89 3 Unit 3 Pouring of Concrete 2 days Fri9/1/17 Tue 9/5/17 87 lCF’.CR.DD.LAB.RI-"
90 3 Unit 3 Curing of Concrete 2 days Tue 9/5/17 Thu9/7/17 89 ¢
91 3 Unit 3 Formwork Removal 1 day Thu 9/7/17 Fri9/8/17 90 . CR,DD,LAB
92 2 Construction of Caisson Unit 3 Complete 0 days Fri 9/8/17 Fri9/8/17 91 #
93 - Transport of Caisson Unit 3 4.95days Fri9/8/17 Fri9/15/17 l 1
94 3 Clearing of Dry Dock 3 days Fri9/8/17 Wed 9/13/17 92 lCR.LAB
95 3 Flooding of Dry Dock 0.33days  Wed 9/13/17 Wed 9/13/17 94 -~ DD
96 2 Connect Unit 3 to Tugs 0.06 days  Wed 9/13/17 Wed 9/13/17 95 iTBl.TBZ.TB3.TB4
97 3 Tug Unit 3 to HLV at Loading Site 0.06 days  Wed 9/13/17 Wed 9/13/17 96 lH|-V.TBl.T|32.TB3.T|34
98 2 Load Unit 3 onto HLV 0.5 days Wed 9/13/17 Thu 9/14/17 97 . HLV,TB1,TB2,TB3,TB4
99 2 HLV sails to Maui 1 day Thu 9/14/17 Fri 9/15/17 98 i1, HLV
100 - Installation of Caisson Unit 3 16.61 days Fri9/15/17 Mon 10/9/17 l 1
101 3 Connect Unit 3 to Tugs 0.06 days Fri 9/15/17 Fri9/15/17 99 I. HLV,TB5,TB6,TB7,TB8
102 2 Unit 3 unload from HLV 0.17 days Fri9/15/17 Fri9/15/17 101 v HLV,TB5,TB6,TB7,TB8
103 3 HLV returns to Oahu 1 day Fri 9/15/17 Mon 9/18/17 102 % | HLV
104 3 Tug Unit 3 to Construction Site Near Kahului Harbor 0.08 days  Fri9/15/17 Fri 9/15/17 102 |, TB5,TB6,TB7,TB8
105 3 Unit 3 Positioned for Filling 1 day Fri 9/15/17 Mon 9/18/17 104 |¢ . TB5,TB6,TB7,TB8
106 2 Unit 3 Filled/Ballasted onto Foundation 4.5 days Mon 9/18/17 Fri9/22/17 105 I ;. TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
107 ? Scour Protection Units installed for Unit 3 10.8 days  Fri9/22/17 Mon 10/9/17 106 I 1, BCDT
108 2 Installation of Caisson Unit 3 Complete 0 days Mon 10/9/17 Mon 10/9/17 107 i
109 - Reinforcement and Formwork Construction Unit 4 16.33 days Thu9/14/17 Fri 10/6/17 I 1
110 3 Draining of Dry Dock 0.33days  Thu9/14/17 Thu 9/14/17 98 i DD
111 + 3 Construction of Slip Formwork 15 days Thu 9/14/17 Thu 10/5/17 110 i 1 CR,LAB,RB,SFW,FW
112 + 2 Bottom Slab Formwork 1 day Thu 9/14/17 Fri9/15/17 110 lLAB,RB,FW
113 + 2 Whole Unit Reinforcement 15 days Fri 9/15/17 Fri 10/6/17 112 l|-AB.R|3
114 3 Reinforcement and Formwaork Construction Unit 4 Complete 0 days Fri 10/6/17 Fri 10/6/17 113 ﬂ
115 - Construction of Caisson Unit 4 5 days Fri 10/6/17 Fri 10/13/17 l 1
116 2 Unit 4 Pouring of Concrete 2 days Fri 10/6/17 Tue 10/10/17 114 lCP,CR,DD,LAB,RB
117 3 Unit 4 Curing of Concrete 2 days Tue 10/10/17 Thu 10/12/17 116 l
118 3 Unit 4 Formwork Removal 1 day Thu 10/12/17 Fri 10/13/17 117 lCR,DD,LAB
119 3 Construction of Caisson Unit 4 Complete 0 days Fri 10/13/17 Fri 10/13/17 118 01
120 - Transport of Caisson Unit 4 4.95days  Fri10/13/17 Fri 10/20/17 l 1
121 3 Clearing of Dry Dock 3 days Fri 10/13/17 Wed 10/18/17 119 lCR,LAB
122 2 Flooding of Dry Dock 0.33 days Wed 10/18/17 Wed 10/18/17 121 DD
123 3 Connect Unit 4 to Tugs 0.06 days Wed 10/18/17 Wed 10/18/17 122 ;TBI,TBZ,TB3.TB4
124 2 Tug Unit 4 to HLV at Loading Site 0.06 days Wed 10/18/17 Wed 10/18/17 123 l LV, TB1,TB2,TB3,TB4
125 3 Load Unit 4 onto HLV 0.5 days Wed 10/18/17 Thu 10/19/17 124 lHLV,TBl,TBZ,TB3,TB4
126 2 HLV sails to Maui 1 day Thu 10/19/17 Fri 10/20/17 125 WH|-V
127 - Installation of Caisson Unit 4 16.61 days Fri 10/20/17 Mon 11/13/17 I 1
128 2 Connect Unit 4 to Tugs 0.06 days Fri 10/20/17 Fri 10/20/17 126 lHLV,TBS,TB6,TB7,TBS
129 3 Unit 4 unload from HLV 0.17 days Fri 10/20/17 Fri 10/20/17 128 HLV,TB5,TB6,TB7,TB8
130 b HLV returns to Oahu 1 day Fri 10/20/17 Mon 10/23/17 129 i ] HLV
131 3 Tug Unit 4 to Construction Site Near Kahului Harbor 0.08 days Fri 10/20/17 Fri 10/20/17 129 l B5,TB6,TB7,TB8
132 2 Unit 4 Positioned for Filling 1 day Fri 10/20/17 Mon 10/23/17 131 lTBS,TBG,TB7,TBS
133 3 Unit 4 Filled/Ballasted onto Foundation 4.5 days Mon 10/23/17 Mon 10/30/17 132 lTBS,TBG,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
134 3 Scour Protection Units installed for Unit 4 10.8 days Mon 10/30/17 Mon 11/13/17 133 - BC,DT
135 3 Installation of Caisson Unit 4 Complete 0 days Mon 11/13/17 Mon 11/13/17 134 Q‘L
136 2 Construction of Submerged Concrete Caisson Breakwater at Kahului 0 days Mon 11/13/17 Mon 11/13/17 135 O‘L
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ID Task Task Name Duration Start Finish Predecessors May 2017 | June 2017
ﬂ Mode 25 28 1 10 13 16 19 22 25 28 ‘ 31
1 - Dry Dock Mobilization 22 days Mon 5/1/17 Wed 5/31/17 1
2 2 Access Granted to Dry Dock 0 days Mon 5/1/17 Mon 5/1/17 4»1 DD
3 - Mobilization of Dry Dock 22 days Mon 5/1/17 Wed 5/31/17 1
4 2 Arrival of Cranes 0 days Mon 5/1/17 Mon 5/1/17 2 4iCR
5 P Setup of Site Office 2 days Mon 5/1/17 Tue 5/2/17 2 QCR.LAB
6 ! Delivery of Steel Rebar 5 days Wed 5/3/17 Tue 5/9/17 5 I i1, CRRB
7 7 Preparation of Rebar 15 days Wed 5/10/17 Tue 5/30/17 6 H’ |lCR.LAB.RB
8 2 Dry Dock Mobilization Complete 0 days Wed 5/31/17 Wed 5/31/17 7 *
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CAISSON BREAKWATER
Title: EX REP - DRY DOCK MOBILIZATION
Project: EXREP_DD Task Summary 1 [Inactive Milestone Duration-only Start-only External Milestone ¢ Date: 22-MARCH-2017
Date: Wed 2/15/17 Split Project Summary [ I Inactive Summary I I Manual Summary Rollup s Finish-only Deadline ¥ Created by: ALVIN MAGALLANES
Milestone L 2 Inactive Task Manual Task I I Manual Summary "1 External Tasks Progress Checked b\ AMARIIT SINGH
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Student
Stamp


ID Task Task Name Duration Start Finish Predecessors | May '17 | Jun 17 | Jul 17 | Aug '17 ' Sep '17 Oct'17
O  Mode 16 | 23 | 30 | 7 | 1a | 21 | 28 | a4 | 112 | 18 | 25 | 2 | 9 | 16 | 23 | 30| 6 | 13 20 | 27 | 3 | 10 | 17 | 24 | 1
L "% Caisson Unit Foundation Works 101days  Mon5/1/17  Wed 9/20/17 '
2 - Foundation for Caisson Unit 1 25 days Mon 5/1/17 Mon 6/5/17 1
3 2 Excavate Unit 1 Footprint from Seabed 15 days Mon 5/1/17 Fri 5/19/17 1 DRG,HBR
4 ) Installation and Grading of Fine Gravel Layer 5 days Mon 5/22/17 Fri 5/26/17 3 jw BC,DT,HBR
5 2 Installation of Concrete Mattress 5 days Mon 5/29/17 Fri 6/2/17 4 pw BC,DT,HBR
6 3 Foundation for Unit 1 Complete 0 days Mon 6/5/17 Mon 6/5/17 5 ﬂ
7 - Foundation for Caisson Unit 2 27 days Mon 6/5/17 Wed 7/12/17 l 1
8 ) Excavate Unit 2 Footprint from Seabed 15 days Mon 6/5/17 Fri 6/23/17 6 I 1 DRG,HBR
9 2 Installation and Grading of Fine Gravel Layer 5 days Mon 6/26/17 Fri 6/30/17 8 ¢I 1 BC,DT,HBR
0 |§ Installation of Concrete Mattress 7 days Mon 7/3/17 Wed 7/12/17 9 ( 1, BC,DT,HBR
11 3 Foundation for Unit 2 Complete 0 days Wed 7/12/17 Wed 7/12/17 10FS-1 day .W
12 - Foundation for Caisson Unit 3 25 days Wed 7/12/17 Wed 8/16/17 IL 1
13 |§ Excavate Unit 3 Footprint from Seabed 15 days Wed 7/12/17 Tue 8/1/17 11 I 1, DRG,HBR
14 2 Installation and Grading of Fine Gravel Layer 5 days Wed 8/2/17 Tue 8/8/17 13 I‘ 1, BC,.DT,HBR
15 2 Installation of Concrete Mattress 5 days Wed 8/9/17 Tue 8/15/17 14 [ . BC,DT,HBR
16 3 Foundation for Unit 3 Complete 0 days Wed 8/16/17 Wed 8/16/17 15 #
17 - Foundation for Caisson Unit 4 25 days Wed 8/16/17 Wed 9/20/17 l 1
18 7 Excavate Unit 4 Footprint from Seabed 15 days Wed 8/16/17 Tue 9/5/17 16 I 1, DRG,HBR
19 2 Installation and Grading of Fine Gravel Layer 5 days Wed 9/6/17 Tue 9/12/17 18 I¢ . BC,DT,HBR
20 2 Installation of Concrete Mattress 5 days Wed 9/13/17 Tue 9/19/17 19 [ , BC,DT,HBR
21 3 Foundation for Unit 4 Complete 0 days Wed 9/20/17 Wed 9/20/17 20 OJ'
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ID Task Task Name Duration Start Finish Predecessors | May '17 | jun 17 ul'17 | Aug '17 | Sep'17 Oct '17 | Nov
O  Mode 23 1 30 | 7 | 1a | 21| 28 | 11 18 | 25 | 2 | o |16 | 23 | 30| 6 | 13| 20 | 27| 3 [ 10| 17 | 24| 1 | 8 | 15| 22 | 29 |
1 "% Caisson Unit Construction - Reinforcement, 96.34 days Wed5/31/17  Fri10/13/17 ' '
Formwork, and Concreting
2 - Reinforcement and Formwork Construction Unit 1 16 days Wed 5/31/17 Thu 6/22/17 I 1
3 |8 Construction of Slip Formwork 13 days Wed 5/31/17 Fri 6/16/17 [ 1 CR,LAB,RB,SFW,FW
4 |9 Bottom Slab Formwork 1 day Wed 5/31/17 Wed 5/31/17 i, LAB,RB,FW
5 + 2 Whole Unit Reinforcement 15 days Thu 6/1/17 Wed 6/21/17 4 I¢ | LAB,RB
6 2 Reinforcement and Formwaork Construction Unit 1 Complete 0 days Thu 6/22/17 Thu 6/22/17 5 ¢
7 - Construction of Caisson Unit 1 5 days Thu 6/22/17 Thu 6/29/17 %
8 2 Unit 1 Pouring of Concrete 2 days Thu 6/22/17 Fri 6/23/17 6 i1 CP,CR,DD,LAB,RB
9 3 Unit 1 Curing of Concrete 2 days Mon 6/26/17 Tue 6/27/17 8 [}
10 ! Unit 1 Formwork Removal 1 day Wed 6/28/17 Wed 6/28/17 9 # CR,DD,LAB
11 3 Construction of Caisson Unit 1 Complete 0 days Thu 6/29/17 Thu 6/29/17 10 0‘
12 - Reinforcement and Formwork Construction Unit 2 16.33 days Wed 7/5/17 Thu 7/27/17 I 1
13 2 Draining of Dry Dock 0.33days  Wed 7/5/17 Wed 7/5/17 DD
14 |§ Construction of Slip Formwork 15 days Wed 7/5/17 Wed 7/26/17 13 I 1 CR,.LAB,RB,SFW,FW
15 |9 Bottom Slab Formwork 1 day Wed 7/5/17 Thu 7/6/17 13 I, LAB,RB,FW
16 |[§ Whole Unit Reinforcement 15 days Thu 7/6/17 Thu 7/27/17 15 I‘ 1. LAB,RB
17 3 Reinforcement and Formwork Construction Unit 2 Complete 0 days Thu 7/27/17 Thu 7/27/17 16 >
18 - Construction of Caisson Unit 2 5 days Thu 7/27/17 Thu 8/3/17 %
19 P Unit 2 Pouring of Concrete 2 days Thu 7/27/17 Mon 7/31/17 17 I CP,CRDD,LAB,RB
20 b Unit 2 Curing of Concrete 2 days Mon 7/31/17 Wed 8/2/17 19 I¢I~
21 2 Unit 2 Formwork Removal 1 day Wed 8/2/17 Thu 8/3/17 20 # CR,DD,LAB
22 2 Construction of Caisson Unit 2 Complete 0 days Thu 8/3/17 Thu 8/3/17 21 é
23 - Reinforcement and Formwork Construction Unit 3 16.33 days Wed 8/9/17 Fri9/1/17 I 1
24 2 Draining of Dry Dock 0.33days  Wed 8/9/17 Thu 8/10/17 n DD
LI Construction of Slip Formwork 15 days Thu 8/10/17 Thu 8/31/17 24 [ 1 CR,LAB,RB,SFW,FW
26 * 3 Bottom Slab Formwork 1 day Thu 8/10/17 Fri 8/11/17 24 I, LAB,RB,FW
27 % Whole Unit Reinforcement 15 days Fri 8/11/17 Fri9/1/17 26 I 1, LAB,RB
28 3 Reinforcement and Formwork Construction Unit 3 Complete 0 days Fri9/1/17 Fri9/1/17 27
29 - Construction of Caisson Unit 3 5 days Fri9/1/17 Fri9/8/17 %
30 ) Unit 3 Pouring of Concrete 2 days Fri 9/1/17 Tue 9/5/17 28 i1 CP.CR,DD,LAB,RB
31 3 Unit 3 Curing of Concrete 2 days Tue 9/5/17 Thu9/7/17 30 I¢I~
32 2 Unit 3 Formwork Removal 1 day Thu 9/7/17 Fri 9/8/17 31 # CR,DD,LAB
33 3 Construction of Caisson Unit 3 Complete 0 days Fri9/8/17 Fri9/8/17 32 é
34 - Reinforcement and Formwork Construction Unit 4 16.33 days Thu9/14/17 Fri 10/6/17 I 1
35 ! Draining of Dry Dock 0.33days  Thu9/14/17 Thu 9/14/17 DD
36§ Construction of Slip Formwork 15 days Thu 9/14/17 Thu 10/5/17 35 [ 1 CRLAB,RB,SFW,FW
37 + 2 Bottom Slab Formwork 1 day Thu 9/14/17 Fri 9/15/17 35 i LAB,RB,FW
38 § Whole Unit Reinforcement 15 days Fri 9/15/17 Fri 10/6/17 37 fl' i, LAB,RB
39 3 Reinforcement and Formwork Construction Unit 4 Complete 0 days Fri 10/6/17 Fri 10/6/17 38 >
40 - Construction of Caisson Unit 4 5 days Fri 10/6/17 Fri 10/13/17 %
41 2 Unit 4 Pouring of Concrete 2 days Fri 10/6/17 Tue 10/10/17 39 i1 CP,CRDD,LAB,RB
42 2 Unit 4 Curing of Concrete 2 days Tue 10/10/17 Thu 10/12/17 41 Iﬁ\
43 ! Unit 4 Formwork Removal 1 day Thu 10/12/17 Fri 10/13/17 42 # CR,DD,LAB
44 b Construction of Caisson Unit 4 Complete 0 days Fri 10/13/17 Fri 10/13/17 43 0}‘
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ID Task Task Name Duration Start Finish Predecessors | May '17 | Jun'17 ul'17 | Aug '17 | Sep '17 Oct '17 | Nov '17

O  Mode 23 30| 7 l1a | 21| 28| 4 [ 11318 25] 2| 9 |16 23] 3] 6 L2713 L1017 l2a | 2 | 8 | 15| 22 29| 5 | 12]
1 - Caisson Unit Transport 80.29 days Thu 6/29/17 Fri 10/20/17 I 1
2 - Transport of Caisson Unit 1 4.95days Thu6/29/17 Thu7/6/17 o
3 2 Clearing of Dry Dock 3 days Thu 6/29/17 Mon 7/3/17 ot CRLAB
4 ! Flooding of Dry Dock 0.33days  Wed 7/5/17 Wed 7/5/17 3 . DD
5 P Connect Unit 1 to Tugs 0.06 days  Wed 7/5/17 Wed 7/5/17 4 I;TBLTBZ-TB3:TB4
6 P! Tug Unit 1 to HLV at Loading Site 0.06 days  Wed 7/5/17 Wed 7/5/17 5 I, HLV,TB1,TB2,TB3,TB4
7 3 Load Unit 1 onto HLV 0.5 days Wed 7/5/17 Wed 7/5/17 6 I HLV,TB1,TB2,TB3,TB4
8 2 HLV sails to Maui 1 day Wed 7/5/17 Thu 7/6/17 7 |+ HLV
9 - Transport of Caisson Unit 2 4.95days Thu8/3/17 Thu 8/10/17 |
10 2 Clearing of Dry Dock 3 days Thu 8/3/17 Tue 8/8/17 1. CRLAB
11 2 Flooding of Dry Dock 0.33days  Tue 8/8/17 Wed 8/9/17 10 u, DD
12 2 Connect Unit 2 to Tugs 0.06 days  Wed 8/9/17 Wed 8/9/17 11 r‘ TB1,TB2,TB3,TB4
13 2 Tug Unit 2 to HLV at Loading Site 0.06 days  Wed 8/9/17 Wed 8/9/17 12 I HLV,TB1,TB2,TB3,TB4
14 2 Load Unit 2 onto HLV 0.5 days Wed 8/9/17 Wed 8/9/17 13 i, HLV,TB1,TB2,TB3,TB4
15 b HLV sails to Maui 1 day Wed 8/9/17 Thu 8/10/17 14
16 - Transport of Caisson Unit 3 4.95days Fri9/8/17 Fri9/15/17 i
17 P Clearing of Dry Dock 3 days Fri 9/8/17 Wed 9/13/17 o, CR,LAB
18 2 Flooding of Dry Dock 0.33days  Wed 9/13/17 Wed 9/13/17 17 I‘ DD
19 2 Connect Unit 3 to Tugs 0.06 days  Wed 9/13/17 Wed 9/13/17 18 I¢ B1,TB2,TB3,TB4
20 2 Tug Unit 3 to HLV at Loading Site 0.06 days  Wed 9/13/17 Wed 9/13/17 19 #HLV.TBl.TBZ,TBS.TB4
21 2 Load Unit 3 onto HLV 0.5 days Wed 9/13/17 Thu 9/14/17 20 i, HLV,TB1,TB2,TB3,TB4
22 2 HLV sails to Maui 1 day Thu 9/14/17 Fri 9/15/17 21 i HLV
23 - Transport of Caisson Unit 4 4.95days  Fri10/13/17 Fri 10/20/17 i
24 2 Clearing of Dry Dock 3 days Fri 10/13/17 Wed 10/18/17 ot CRLAB
25 P Flooding of Dry Dock 0.33days  Wed 10/18/17  Wed 10/18/17 24 I, DD
26 2 Connect Unit 4 to Tugs 0.06 days  Wed 10/18/17  Wed 10/18/17 25 |¢ TB1,TB2,TB3,TB4
27 2 Tug Unit 4 to HLV at Loading Site 0.06 days  Wed 10/18/17 Wed 10/18/17 26 . HLV,TB1,TB2,TB3,TB4
28 2 Load Unit 4 onto HLV 0.5 days Wed 10/18/17  Thu 10/19/17 27 # HLV,TB1,TB2,TB3,TB4
29 P HLV sails to Maui 1 day Thu 10/19/17 Fri 10/20/17 28 i HLV
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D Task Task Name Duration Start Finish Predecessors ul'17 | Aug '17 | Sep '17 Oct '17 | Nov '17 | Dec 17 |Jan'18 ' Fe
O  Mode 2 | o 16l 23130 61312 | 271 3 201724 1 8 15| 20/2 | 5 12192 | 31017283 |7 [1a]2]|o28
L "% Caisson Unit Installation at Kahului Harbor 91.95days Thu7/6/17 Mon 11/13/17 ' '
2 - Installation of Caisson Unit 1 16.61days Thu7/6/17 Mon 7/31/17 I 1
3 7 Connect Unit 1 to Tugs 0.06 days  Thu 7/6/17 Fri 7/7/17 i HLV,TB5,TB6,TB7,TB8
4 3 Unit 1 unload from HLV 0.17 days Fri7/7/17 Fri7/7/17 3 HLV,TB5,TB6,TB7,TB8
5 p HLV returns to Oahu 1 day Fri 7/7/17 Mon 7/10/17 4 :il HLV
6 2 Tug Unit 1 to Construction Site Near Kahului Harbor 0.08 days  Fri 7/7/17 Fri7/7/17 4 . TB5,TB6,TB7,TB8
7 7 Unit 1 Positioned for Filling 1 day Fri 7/7/17 Mon 7/10/17 6 |¢ 1 TB5,TB6,TB7,TB8
8 2 Unit 1 Filled/Ballasted onto Foundation 4.5 days Mon 7/10/17 Fri 7/14/17 7 I¢ 1, TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
9 p Scour Protection Units installed for Unit 1 10.8 days  Fri7/14/17 Mon 7/31/17 8 [ 1, BC,DT
10 2 Installation of Caisson Unit 1 Complete 0 days Mon 7/31/17 Mon 7/31/17 9 *
11 - Installation of Caisson Unit 2 16.61 days Thu 8/10/17 Mon 9/4/17 I 1
12 7 Connect Unit 2 to Tugs 0.06 days  Thu 8/10/17 Thu 8/10/17 . HLV,TB5,TB6,TB7,TB8
13 3 Unit 2 unload from HLV 0.17 days  Thu 8/10/17 Thu 8/10/17 12 ¢HLV,TBS.TBG.TB7.TB8
14 3 HLV returns to Oahu 1 day Thu 8/10/17 Fri 8/11/17 13 i HLV
15 7 Tug Unit 2 to Construction Site Near Kahului Harbor 0.08 days  Thu 8/10/17 Fri 8/11/17 13 I TB5,TB6,TB7,TB8
16 3 Unit 2 Positioned for Filling 1 day Fri 8/11/17 Mon 8/14/17 15 I¢I~ TB5,TB6,TB7,TB8
17 p Unit 2 Filled/Ballasted onto Foundation 4.5 days Mon 8/14/17 Fri 8/18/17 16 |¢ 1 TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
18 2 Scour Protection Units installed for Unit 2 10.8 days  Fri 8/18/17 Mon 9/4/17 17 I 1. BC,DT
19 3 Installation of Caisson Unit 2 Complete 0 days Mon 9/4/17 Mon 9/4/17 18 *
20 - Installation of Caisson Unit 3 16.61 days Fri9/15/17 Mon 10/9/17 I 1
21 3 Connect Unit 3 to Tugs 0.06 days  Fri9/15/17 Fri 9/15/17 I HLV,TB5,TB6,TB7,TB8
22 2 Unit 3 unload from HLV 0.17 days  Fri9/15/17 Fri 9/15/17 21 ‘HLV.TBS.TBG.TBZTBS
23 2 HLV returns to Oahu 1 day Fri 9/15/17 Mon 9/18/17 22 11 HLV
24 7 Tug Unit 3 to Construction Site Near Kahului Harbor 0.08 days  Fri 9/15/17 Fri 9/15/17 22 |, TB5,TB6,TB7,TB8
25 3 Unit 3 Positioned for Filling 1 day Fri9/15/17 Mon 9/18/17 24 fl' 1. TB5,TB6,TB7,TB8
26 2 Unit 3 Filled/Ballasted onto Foundation 4.5 days Mon 9/18/17 Fri 9/22/17 25 I‘ 1. TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
27 2 Scour Protection Units installed for Unit 3 10.8 days  Fri9/22/17 Mon 10/9/17 26 [ . BC,DT
28 3 Installation of Caisson Unit 3 Complete 0 days Mon 10/9/17 Mon 10/9/17 27 0‘
29 - Installation of Caisson Unit 4 16.61 days Fri 10/20/17 Mon 11/13/17 I 1
30 2 Connect Unit 4 to Tugs 0.06 days  Fri 10/20/17 Fri 10/20/17 I HLV,TB5,TB6,TB7,TB8
31 7 Unit 4 unload from HLV 0.17 days Fri 10/20/17 Fri 10/20/17 30 HLV,TB5,TB6,TB7,TB8
32 3 HLV returns to Oahu 1 day Fri 10/20/17 Mon 10/23/17 31 :f HLV
33 p Tug Unit 4 to Construction Site Near Kahului Harbor 0.08 days  Fri 10/20/17 Fri 10/20/17 31 I TB5,TB6,TB7,TB
34 2 Unit 4 Positioned for Filling 1 day Fri 10/20/17 Mon 10/23/17 33 I¢I\ TB5,TB6,TB7,TB8
35 2 Unit 4 Filled/Ballasted onto Foundation 4.5 days Mon 10/23/17 Mon 10/30/17 34 |'lv . TB5,TB6,TB7,TB8,DT,WP1,WP2,WP3,WP4,WP5,WP6,WP7,WP8
36 2 Scour Protection Units installed for Unit 4 10.8days  Mon 10/30/17  Mon 11/13/17 35 [ . BC,DT
37 3 Installation of Caisson Unit 4 Complete 0 days Mon 11/13/17 Mon 11/13/17 36
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APPENDIX B: RESULT AND OUTPUT
FORMULAE FOR EZSTROBE



Result Formulae for the First Simulation

Cost of Dry Dock Resources

CostofDDMob Total Cost of Dry Dock Mobilization 100000
CostofDD Total Cost of Dry Dock 8333*(SiteOff.FirstStart+TowCaissonToHLV.LastStart) Cost of Marine Resources
CostofSlipForms Total Cost of Slip Forms 6349*(FormFaceSupport.FirstStart+ TowCaissonToHLV.LastStart) CostofHLV Total Cost of HLV SimTime*35000
. . PP . -
CostofCranel Total Cost of Crane 1 at DD 2000%*(SiteOff.FirstStart+DDMobComp.LastStart) CostofTugPH Total Cost of Tugs at Pearl Harbor 6000*(CaissonConnTug.AveDur+TowCaissonToHLV.AveDur+LoadCais
) - HLV.AveDur+TugRetToPH.AveDur)*4
CostofCrane2 Total Cost of Crane 2 at DD 2000*(PourlnnOutWalls.FirstStart+TowCaissonToHLV.LastStart)
. . 6000*(CaisConnToTug.AveDur+CaissonUnIHLV.AveDur+TugTravelWCa
CostofConcPump Total Cost of Concrete Pumps 2*900*(PourBotSlab.FirstStart+ConCure.LastStart) CostofTugKah Total Cost of Tugs at Kahului Harbor is. AveDur+ TugPosCaisson. AveDur+TugBackUnISite. AveDur)*4
CostofForms Total Cost of Forms 10000
CostofRubBarge Total Cost of Rubble Foundation Barge | 5000*ProjDuration
CostofSite Off Total Cost of Site Office 500*(SiteOff.FirstStart+ TowCaissonToHLV.LastStart)
: CostofBargeCr Total Cost of Barge Crane 10000*(InstallMattress.AveDur+InstallRubble.AveDur)*4
CostofFWrkCrew Total Cost of Formwork Crew 6360*FWrkReinBotSlab.AveDur*4
*
CostofConstCrew Total Cost of Construction Crew 16320*(PourBotSlab.AveDur+PourlnnOutWalls.AveDur)*4 CostofComDiveT Total Cost of Commercial Dive Team é(;(;%;:g:ﬂl%\it[r)eus;ﬁ\veDur+InstaIIRu bble AveDur+Tug
CostofDDCrew Total Cost of DD Crew 7200*DDClearedofMach.AveDur*4
CostofCSD Total Cost of Cutter Suction Dredger 10000*ExcavateBed.AveDur*4
CostofSuppBoat Totao Cost of Support Boats 1000*ProjDuration
Cost of Materials CostofMoorBlock Total Cost of Mooring Blocks 20*3000
CostofConc Total Cost of Concrete 9148+*200 CostofUG Total Cost of Underwater Grader 2*10000
CostofRubble Total Cost of Rubble 106*59 CostofHSP Total Cost of Hydraulic Sand Pumps 4*30000
CostofMatt Total Cost of Concrete Mattress 4582*200 CostofWatPump Total Cost of Water Pumps 8*40000
CostofSandFill Total Cost of Sand Fill 16332*59 CostofExcavCrew Total Cost of Excavation Crew 2160*ExcavateBed.AveDur*4
CostofPreConc Total Cost of Precast Concete 7235*200 CostofDiveTeam Total Cost of Dive Team 4000*TugPosCaisson.AveDur*4
CostofRebar Total Cost of Steel Rebar 491*1000
CostofFWrkCrew+CostofConstCrew+CostofCrane 1+CostofCrane2+CostofSlipForms+CostofD
*
CostofConcCap Total Cost of Concrete Caps 17387200 DCrew+CostofTugPH+CostofHLV+CostofTugKah+CostofDiveTeam+CostofCSD+CostofExcav
CostofProiect Total Cost | Crew+CostofComDiveT+CostofBargeCr+CostofConc+CostofMatt+CostofRubble+CostofDDMo
Durations ) of Project | b+CostofDD+CostofConcPump+CostofSite Off+CostofForms+CostofSuppBoat+CostofMoorBloc
k+CostofUG+CostofHSP+CostofWatPump+CostofSandFill+CostofPreConc+CostofRebar+Cost
ProjDuration Total Project Duration SimTime ofConcCap
Production Total Cost of Project with Overhead
ProdsProduce Total Number of Products Produced | SPUInst.Totnst CostofProject | Total Project Cost including Overhead, Profit, CostofProject + CostofProject*0.1 +
ProdPerDay Production Per Day SPUInst. Totinst/SimTime OH and Contingency CostofProject*0.1 + CostofProject*0.1
CaissonCast Number of Caissons Cast ConCure.Totlnst




Cost of Dry Dock Resources

Result Formulae for the Second Simulation

CostofDDMob

Total Cost of Dry Dock Mobilization

100000

CostofDD

Total Cost of Dry Dock

8333*(SiteOff.FirstStart+TowCaissonToHLV.LastStart)

Cost of Marine Resources

CostofSlipForms

Total Cost of Slip Forms

6349*(FormFaceSupport.FirstStart+TowCaissonToHLV.LastStart)

CostofCranel Total Cost of Crane 1 at DD 2000*(SiteOff.FirstStart+DDMobComp.LastStart)

CostofCrane2 Total Cost of Crane 2 at DD 2000*(PourlnnOutWalls.FirstStart+TowCaissonToHLV.LastStart)
CostofConcPump Total Cost of Concrete Pumps 2*900*(PourBotSlab.FirstStart+ConCure.LastStart)

CostofForms Total Cost of Forms 10000

CostofSite Off Total Cost of Site Office 500*(SiteOff.FirstStart+TowCaissonToHLV.LastStart)
CostofFWrkCrew Total Cost of Formwork Crew 6360*FWrkReinBotSlab.AveDur*4

CostofConstCrew Total Cost of Construction Crew 16320*(PourBotSlab.AveDur+PourlnnOutWalls.AveDur)*4
CostofDDCrew Total Cost of DD Crew 7200*DDClearedofMach.AveDur*4

Cost of Materials

CostofConc Total Cost of Concrete 9148*200
CostofRubble Total Cost of Rubble 106*59
CostofMatt Total Cost of Concrete Mattress 4582*200
CostofSandFill Total Cost of Sand Fill 16332*59
CostofPreConc Total Cost of Precast Concete 7235*200
CostofRebar Total Cost of Steel Rebar 491*1000
CostofConcCap Total Cost of Concrete Caps 1738*200
Durations
ProjDuration Total Project Duration SimTime
ConstDuration | Duration of All Construction Activities after DD Mobilization SimTime-20

Production
ProdsProduce Total Number of Products Produced SPUInst.Totlnst
ProdPerDay Production Per Day SPUlnst.Totlnst/SimTime
CaissonCast Number of Caissons Cast ConCure.Totlnst

CostofHLV Total Cost of HLV SimTime*35000
6000*(CaissonConnTug.AveDur+TowCaissonToHLV.AveDur+LoadCais
CostofTugPH Total Cost of Tugs at Pearl Harbor HLV.AveDur+TugRetToPH.AveDur)*4
. 6000*(CaisConnToTug.AveDur+CaissonUnIHLV.AveDur+TugTravelWCa
CostofTugKah Total Cost of Tugs at Kahului Harbor is.AveDur+TugPosCaisson.AveDur+TugBackUn|Site.AveDur)*4
CostofRubBarge Total Cost of Rubble Foundation Barge | 5000*ConstDuration
CostofBargeCr Total Cost of Barge Crane 10000*(InstallMattre ss.AveDur+InstallRubble.AveDur)*4
*,
CostofCombiveT Total Cost of Commercial Dive Team 4000 (!nstaIIMattress.AveDur+|nstaIIRubee.AveDur+Tug
PosCaisson.AveDur)*4
CostofCSD Total Cost of Cutter Suction Dredger 10000*ExcavateBed.AveDur*4
CostofSuppBoat Totao Cost of Support Boats 1000*ConstDuration
CostofMoorBlock Total Cost of Mooring Blocks 20*3000
CostofUG Total Cost of Underwater Grader 2*10000
CostofHSP Total Cost of Hydraulic Sand Pumps 4*30000
CostofWatPump Total Cost of Water Pumps 8*40000
CostofExcavCrew Total Cost of Excavation Crew 2160*ExcavateBed.AveDur*4
CostofDiveTeam Total Cost of Dive Team 4000*TugPosCaisson.AveDur*4

CostofProject

Total Cost
of Project

ofConcCap

CostofFWrkCrew+CostofConstCrew+CostofCrane 1+CostofCrane2+CostofSlipForms+CostofD
DCrew+CostofTugPH+CostofHLV+CostofTugKah+CostofDiveTeam+CostofCSD+CostofExcav
Crew+CostofComDiveT+CostofBargeCr+CostofConc+CostofMatt+CostofRubble +CostofDDMo
b+CostofDD+CostofConcPump+CostofSite Off+ CostofForms+CostofSuppBoat+CostofMoorBloc
k+CostofUG+CostofHSP+CostofWatPump+CostofSandFill+CostofPreConc+CostofRebar+Cost

Total Cost of Project with Overhead

CostofProject

Total Project Cost including Overhead, Profit,

OH and Contingency

CostofProject + CostofProject*0.1 +
CostofProject*0.1 + CostofProject*0.1
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